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Changes in Maritime Transportation

E-commerce and B2B applications, which have been developing rapidly around the world,
have caused changes in purchasing behaviors of customers. These customers are experiencing
an era in which they are directly reaching remote sellers and buying the goods they demand
by removing intermediary companies from the market. In this era, e-commerce platforms
those bring customers and sellers together and consolidate their demand for transportation
have become such a big power that they have started to take over national and international
freight transport. Foremost among those e-commerce platforms are Alibaba, Fedex and
Amazon. The largest transportation fleets are competing intensely in order to take a share of
the transportation of e-commerce platform companies. The agreement between Alibaba and
CMA CGM may be shown as the best example for this. This change, changing of the captain
in the logistic chain in other words, is the shift of center of the power in the international
transport towards e-commerce platforms. The competitive advantage of these platforms is
to be able to begin managing all transportation systems effectively by digitizing the trade. In
short, success of digitized platforms is to transform digitalization into commoditization by
creating change in trade.

This rapid transformation is expected to lead major changes by influencing the maritime
transportation which is conducted in traditional methods. First of these changes is to increase
efficiency by accelerating the maritime transport which is relatively slow against the speed of
e-commerce. Second one are the efforts to unman the transport operations, carried out under
shadow of human errors, as much as possible. Presently, change has entered into the process
of abandoning the traditional maritime that is currently being preserved and leaving its place
to digital platforms and systems.

The first target of the change process is identified as “ports and ship operations”, which
are the weakest links of the maritime transport chain. The change in these operations is the
transformation of traditional methods to digitized systems in order to ensure efficiency and
effectiveness. As a method, it is proposed to establish platforms to perform the functions of
the land decision support and operation centers as in the air transportation. E-navigation
concept has already been offered as an application of digitized platform for maritime
transportation. The most important and crucial issue for completing the transformation
of marine transportation is national and international regulations. The first question that
comes to mind is "When will this change happen?" Answer to this question is the time when
change supporters want to win the controversy between those who need to change and those
who are resistant to change.

The change in ship operations is the transformation of conventional ship operations into a
system in which digital platforms consisting of deck, engine and bridge devices that can work
and communicate in harmony among themselves which can be accessed and communicated
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remotely. The change process has already begun and it is now a matter of time that ship
operations are becoming easily monitored from land. The first stage is the establishment
of platforms that will be installed on the coast and reach and communicate with shipboard
devices. This stage is called “Coast Decision Support Center”. Decision and responsibility still
lies with the ship captain. The role of ship master has changed. Ship master, in operations
carried out by smart devices, has undergone a change of mission in which he can follow the
data provided him and he can intervene when appropriate. The completion date of the first
stage is predicted to be 2025.

Digitization will be completed (e-navigation) at the second stage. When national and
international regulations related to the change begin to be implemented, the name of the
platform on the coast will change to “Coast Operation Center”. The development of unmanned
ships has been completed and a change of mission has occurred in which ship operations are
managed by programmed decisions and in which artificial intelligence is monitored by data
sent to the coast. The completion date of the second stage is predicted to be 2035.

As a result, taking positions for adapting to and facing up to the change and being aware
that the change will always win have became the priority subjects of survival at this stage.

Editor
Prof. Dr. Selcuk NAS
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Deniz Ulastirmasinda Degisimler

Diinyada biiyiik bir hizla gelisen e-ticaret ve B2B uygulamalari miisterilerin satin alma
davranislarinda degisiklikler yaratmistir. Miisteriler araci sirketleri ortadan kaldirarak
dogrudan uzak saticilara ulasip, talep ettigi mallar1 dogrudan satin aldig1 bir cag
yasanmaktadir. Bu ¢agda miisteri ile saticiy1 bulusturan ve tasitma taleplerini konsolide
eden e-ticaret platformlar1 dyle bir biiyiik gii¢c haline gelmistirki, ulusal ve uluslararasi
yuk tasimaciligini da ele gegirmeye baslamistir. Bu platformlarin basinda, Alibaba, Fedex
ve Amazon gelmektedir. En biiylik ulastirma filolar: ise e-ticaret platformlarinin tasima
kapasitelerinden pay kapabilmek amaciyla yogun bir rekabet igine girmistir. Buna en
iyi ornek Alibaba ile CMA CGM arasindaki anlagsma gosterilebilirBuradaki degisim,
lojistik zincirindeki “kaptanin” degismesi, uluslararasi tasimalarda gii¢c merkezinin
e-ticaret platformlarina dogru kaymasidir. Bu platformlarin rekabetci Gistinliigi, ticareti
sayisallastirarak tiim ulastirma sistemlerini efektif ve etkin bir sekilde ydnetmeye
baslamasidir. Kisacasi, sayisal platformlarin ticarette degisim yaratarak dijitallesmeyi
metalastirmayadoniistiirmeyi basarmalaridir.

Bu hizli donilisiimiin geleneksel usullerde yapilmakta olan deniz ulastirmasini etkilemesi
ve biiylik degisimlere yol agmasi beklenmektedir. Bu degisimlerin basinda, e-ticaretin hizi
karsisinda cok yavas kalan deniz ulastirmasinin hizlandirilarak verimliliginin arttirilmasi
gelmektedir. ikinci olarak ise insan hatalarinin gélgesinde yapilan bir ulastirma
operasyonunun miimkiin oldugunca insansizlastirma ¢abalar1 gelmektedir. Degisim, su
anda korunmaya ¢alisilan geleneksel denizciligi doniisiime ugratarak ortadan kaldirmaya,
yerini ise sayisal platformlara ve sistemlere birakma siirecine girmistir.

Degisim stirecinin ilk hedefi; deniz ulastirma zincirinin en zayif halkalari olan liman
ve gemi operasyonlar1 olarak belirlenmistir. Bu operasyonlardaki degisim, verimliligin
ve etkinligin saglanmasi amaciyla geleneksel usullerin sayisallagtirilmis sistemlere
donilismesidir. Yontem olarak ise hava tasimaciliginda oldugu gibi, yer karar destek ve
operasyon merkezlerinin gorevlerini yapacak platformlarin kurulmas: onerilmektedir.
E-navigasyon kavrami, deniz ulastirmasi i¢in sayisallastirilmis bir platform uygulamasi
olarak sunulmustur. Deniz ulastirmasindaki degisimin tamamlanmasi i¢cin en énemli ve
kritik konu, ulusal ve uluslararasi diizenlemelerdir. Akla gelen ilk soru, “bu degisim ne
zaman olacak?” sorusudur. Bunun cevabi, degisim ihtiyaci olanlar ile degisime direnenler
arasindaki cekismeyi, degisim yanlilarinin ne zaman kazanmayi isteyecekleridir.

Gemi operasyonlarinda yasanacak degisim; geleneksel gemi operasyonlarinin, kendi
arasinda uyumlu calisabilen, konusabilen giiverte, makine ve kopriiiistii aygitlarinin
olusturdugu sayisal platformlarin, uzaktan erisilebildigi, uzaktan konusulabildigi bir
sisteme doniismesidir. Degisim siireci hali hazirda baslamis olup, gemi operasyonlarinin
karadan da rahatlikla izlenebilen bir hale déniismesi artik an meselesidir. [lk asamada;
sahilde kurulacak olan ve gemiye ulasarak gemi aygitlar ile konusabilecek platformlarin
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kurulma asamasidir. Bu asamaya “Sahil Karar Destek Merkezi” ad1 verilmektedir. Karar
ve sorumluluk hala gemi kaptanindadir. Gemi kaptaninin rolii degismistir. Gemi kaptani,
akilli aygitlarin yuriittiigli operasyonlarda, kendisine sunulan verileri takip ettigi ve yeri
gediginde de miidahale edebildigi bir gérev degisimi gecirmistir. {lk asgamanin tamamlanma
tarihi icin 2025 y1l1 6ngoriilmektedir.

ikinci agamada sayisallastirma tamamlanacaktir (e-navigation). Degisim ile ilgili ulusal
ve uluslararasi diizenlemeler uygulanmaya baslandiginda sahildeki platformun adi “Sahil
Operasyon Merkezi” olarak degisecektir. Artik gemilerde insansizlastirma tamamlanmis,
gemideki operasyonlar1 programlanabilir kararlar ile yoneten, yapay zekalarin sahile
gonderdigi veriler ile takip edildigi bir gorev degisimi gerceklesmistir. Ikinci asamanin
tamamlanma tarihi i¢cin 2035 y1li1 6ngorilmektedir.

Sonug olarak bu asamada, degisime uyum saglamak icin pozisyon almak ve degisim ile
yuzlesmek, degisimin her zaman kazanacagini bilmek, hayatta kalmanin 6ncelikli konulari
haline gelmistir.

Editor
Prof. Dr. Selcuk NAS
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Biyodizel Pilot Piiskiirtmeli Dogalgaz Yakitiyla Cahisan Bir Dizel Motorda
Silindir Basinc Degisiminin Stokastik Reaktor Model Kullanilarak incelenmesi

Enes Fatih PEHLIVAN?, ismail ALTIN?

10rdu Universitesi, Fatsa Deniz Bilimleri Fakiiltesi, Tiirkiye, enesfatih91@gmail.com
2Karadeniz Teknik Universitesi, Siirmene Deniz Bilimleri Fakiiltesi, Tiirkiye, ismail.altin@gmail.com

Oz

Denizcilik sektdriinde enerjinin ekonomik ve ekolojik 6zelliklerini dikkate alan gemi makinelerinin tiretilmesi
icin yapilan calismalardan birisi de ¢ift yakith motorlardir. Cift yakitl motorlarda, yanma odasindaki gaz yakit-
hava karisimi pilot yakitla tutusturulur. Bu motorlar cogunlukla dizel motorlarin dontistiiriilmesiyle tiretilirler.
Yanma karakteristikleri; genellikle basing, 1s1 salintm orant ve tutusma gecikmesini kapsamaktadir. Bu
karakteristikler, deneysel 6lctimlerle ve teorik yaklasimlarla elde edilmektedir. Kullanilan teorik yaklasimlardan
birisi de 0-boyutlu Stokastik Reaktér Model yaklasimidir. Buyaklasim, olasilik yogunluk fonksiyonuyla sikistirma,
yanma ve genisleme islemlerini analiz eder. Bu yaklasima dayali bir motor simtilasyon yazilimi gelistirilmistir
ve yakitlarin detayli ve indirgenmis kimyasal kinetik mekanizmalariyla ¢alismaktadir. Bu ¢calismada, biyodizel
pilot yakit1 ve dogalgaz gaz yakityla calisan cift yakitl motor en uygun iki pilot piiskiirtme parametresi ve
farkli stokastik parcacik sayilarinda simiile edilmistir. Modelin gecerliligini gostermek icin bu motor tlizerinde
yaptlan calismadan yararlanilmistir. En uygun pilot ptiskiirtme parametrelerinde simiilasyon ve deneysel
basing degerlerinin belirli hata oranlarinda uyumlu oldugu gézlemlenmistir.

Anahtar Kelimeler: Gemi Makineleri, Biyodizel Pilot Pliskiirtmeli Dogalgaz Yakitiyla Calisan Dizel Motorlar, Stokastik
Reaktiér Model, Olasilik Yogunluk Fonksiyonu.

Investigation of Cylinder Pressure Variation Using Stochastic Reactor Model in a Biodiesel Pilot
Injection Diesel Engine Operated with Natural Gas

Abstract

In maritime sector one of the studies made in order to produce ship engines which consider economic and
ecologic properties of energy is dual fuel engines. In dual fuel engines, gas fuel-air mixture is ignited with pilot
fuel in the combustion chamber. These engines are mostly produced by transforming diesel engines. Combustion
characteristics typically include cylinder pressure, heat release rate and ignition delay. These characteristics are
acquired through experimental measurements and theoretical approaches. One of the theoretical approaches
used is zero dimentional Stochastic Reactor Model. This approach analyzes compression, combustion and
expansion processes using probability density function. An engine simulation software based on this approach
has been developed and operates by using detailed and reduced chemical kinetic mechanisms of fuels. In this
study, the dual fuel engine operated with biodiesel as a pilot fuel and natural gas as a gas fuel was simulated in
two optimum pilot injection parameters and different stochastic particle numbers. It has drawn on the study
performed on this engine to show the validity of the model. In the most proper pilot injection parameters, it was
observed that simulation and experimental pressure values are compatible with each other in specific error rates.

Keywords: Marine Engines, Stochastic Reactor Model, Biodiesel Pilot Injection Diesel Engine operated with Natural Gas,
Probability Density Function.
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1. Giris

Glinimiizde bir¢ok alanda oldugu
gibi denizcilik sektoriinde de enerjinin
kullanomi  konusunda ekonomik ve
ekolojik bakis acis1 ile degerlendirmelerin
yapilmasi ve buna uygun adimlarin atilmasi
gerektigi konusunda giiclii bir fikir birligi
olusmustur. Enerjinin ekonomik olmasi
enerji Uretiminin maliyeti ile ilgili iken,
enerjinin ekolojik olmasi ¢evre tizerinde
biraktig1 olumsuz izlerin en diistik diizeyde
tutulmaya calisilmast  seklinde ifade
edilmektedir [1]. Denizcilik sektoriinde
ekonomik ve ekolojik 6zellikleri icerisinde
barindiran enerji kaynaklarinin uygun
sekilde adaptasyonu i¢cin gemi makineleri
tizerinde cgesitli arastirmalar yapilmaktadir.
Bu baglamda, cift yakithh motor sistemleri
onemli seceneklerden biri olarak o6n
plana ¢ikmaktadir [2, 3]. Cift yakith motor
sistemleri; iki farkll yakitin (gaz yakit +
swv1 yakit) yanma odas igerisinde birlikte
yakilmas1  prensibine = dayanmaktadir.
Yakit karisimi cesitli pilot swvi yakitlar
(dizel,  biyodizel  vb.) kullanilarak
tutusturulmaktadir. Cift yakith motorlar; ilk
etapta dizel motorlarina ilave donanimlar
(atesleme sistemi) eklenmesi veya mevcut
donanimlarin (yakit ptiskiirtme sisteminin)
calisma ayarlarinin  degistirilmesi ile
gerceklesen  bir  doniistirme  islemi
sonucunda elde edilmektedir. Mevcut
durumda o6nemli gemi makine ireticileri
hem gaz yakit hem de dizel yakit1 ile
calisma oOzelligine sahip makinelerini yeni
gemi insa uygulamalarinda kullanima
sunmaktadirlar. Genel olarak bakildiginda
ilk asamada doniistiirme yolu ile hayata
gecirilen cift yakith motorlarin daha
ekonomik bir secenek oldugu soylenebilir.
Bu tip motorlarda gesitli gazlar (biyogaz,
hava gazi, hidrojen vb.) gaz yakit olarak
kullanilmis olmasina ragmen, dogalgazin
yuksek kendiliginden tutusma sicakligina
(yiiksek vuruntu dayanimina) sahip olmasi
ve tedarikinin daha kolay olmasindan
dolay1 tercih edilmektedir. Diger taraftan,

dogalgazin karbon-hidrojen (C/H)
orani diger hidrokarbon yakitlara gore
oldukca diisiik bir degere sahip olmasi,
karbondioksit emisyonu salimi miktarinin
diisuk seviyelerde gerceklesmesini
saglamaktadir. Dogalgazin diisik C/H
orany, giincel egzoz emisyon kisitlamalarini
karsilama potansiyeline sahip oldugunu
acikca gostermektedir [4]. Cift yakith
motorlarda pilot yakit olarak saf dizel
[5, 7], dizel-etanol karisimlari [8, 9] ve
dimetil eter (DME)[10, 11] kullanimi
ile ilgili literatiirde c¢esitli c¢alismalar
bulunmaktadir. Yukarida siralanan pilot
yakit seceneklerinden dzellikle dizel yakiti
fosil kaynaklara dayalidir ve zamanla
tiikenme tehlikesi ile karsi karsiyadir. Bu
olumsuz durum, pilot yakit olarak alternatif
yakitlarin kullanimi ile ilgili g¢alismalar
tesvik etmistir. Biyodizel, yakit 6zellikleri
ile dizel yakitina ¢ok benzer ozelliklere
sahiptir ve ¢ift yakith motorlarda ¢ok biiyiik
degisikliklere gidilmeksizin kullaniminda
bir sakinca bulunmamaktadir [12].
Biyodizel, bitkisel ve hayvansal yaglarin
esterlesme  reaksiyonlar1  sonucunda
elde edilmektedir. Kimyasal yapisindaki
oksijen ve dizel yakitina gore daha yiiksek
setan sayisina sahip olmasi biyodizelin
onemli istiinliikleri arasinda sayilabilir.
Bu avantajlarina karsin, biyodizelin 6zgiil
agirhigt ve kinematik viskozitesi dizel
yakitina gore daha ytiksek ve alt 1s1l degeri
ise daha diigiiktiir Bunun sonucunda
dizel motorlarinda saf veya karisim yakit
seklinde biyodizel kullanimi 6zgiil yakit
tiiketiminin artmasina neden olmaktadir.
Biyodizelin pilot yakit olarak kullanilmasi
sirasinda bu olumsuz durumlara pek
rastlanmamaktadir. Clnki yanma
isleminde gaz yakit ana yakittir ve biyodizel
pilot yakiti sadece tutusmayi saglayacak
minimum  miktarda  kullanilmaktadir.
igerigindeki oksijen sayesinde; is, HC ve
CO emisyonlarin1 azaltmakta, fakat NO,
emisyonlarin1  arttirmaktadir  [13]. NO,
emisyonlarinin artsa bile, sera etkisine
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neden olan zararli gazlar biyodizelin pilot
yakit olarak kullanilmasiyla azalacak ve
bunun sonucunda ¢evre dostu motorlarin
onemi artacaktir [13, 18]. Cift yakith motor
sistemleri dizel motora gore daha diisiik
performans Kkarakteristiklerine sahiptir.
Bunun nedeni silindir igerisindeki oksijen
oraninin azalmasi ve yanma isleminin
giiclesmesidir. Cift yakith motorlar vb.
diger motor tipleri ile ilgili arastirma
faaliyetlerinde kullanilabilecek en giicli
araglarin  basinda deneysel yontemler
gelmektedir. Ancak, ekonomiklik ve
incelenebilecek  parametrelerin  sayisi
acisindan bazi kisitlamalari icermektedir.
Bu baglamda sayisal akiskanlar dinamigi
(CFD) esash yazilhimlar biiyiik esneklik
saglamaktadir. CFD calismalar1 o6zellikle
tic boyutlu (3D) ¢alismalarda 6nemli
hesap yiikiini beraberinde getirmektedir.
Bu noktada, hesap yiki daha az ve
saglikli sonuglar veren yazilim araglarina
gereksinim duyulmustur. Bu kapsamda,
0-Boyutlu  Stokastik  Reaktéor Model
(SRM) yaklasimina dayanan “SRM Engine
Suite” yazilimi i¢ten yanmali motorlar
ile ilgili arastirmalarda yaygin sekilde
kullanilmaya baslanmistir [19]. Stokastik
kelimesinin kelime anlami ‘olasiliksal’
olup, bu terim yanma isleminin olasilik
dagilim fonksiyonundan rastsal bir 6rnek
secilen gozlemler dizisinin her birini
kapsayan bir siirecin modellenmesini

ifade etmektedir. Stokastik dalgalanmalar
yanmali

herhangi bir icten motor

Parcacsk Sayia

calismasinda meydana gelebilir ve motorda
meydana gelen bu dalgalanmalar kurulan
modeller aracihigiyla agiklanabilmektedir.
SRM Engine Suite yazilimi yanma odasi
icerisine rastgele bir bicimde dagilan
parc¢aciklarin olasilik yogunluk fonksiyonu
araciligiyla sikistirma, yanma ve genisleme
olaylarinin analizini yapmaktadir. Sekil
1’de gosterildigi gibi rastgele dagilan bir
stokastik parcacik sanal olarak bir yakit-
hava paketini temsil etmektedir. Stokastik
pargaciklarin olusturdugu topluluk,
kimyasal bilesenlerin yapisi ve sicaklik gibi
silindir ici 6zelliklerin dagilimlarini tahmin
etmektedir. Sonrasinda, motorda meydana
gelen yakit piskiirtme, yanma kinetigi,
tirbiilansli karisma, piston hareketi ve
tasinimli 1s1 kaybi vb. siire¢lerin ¢ok boyutlu
olasiliksal yogunluk fonksiyonu tizerindeki
etkisi model yardimiyla agiklanabilmekte
ve ¢ozlimlenmektedir. Stokastik yaklasim
motor silindirindeki sicaklik ve kimyasal

yapinin homojensizlik durumlarini
incelemektedir [20, 21].
Biyodizel icin  kimyasal Kkinetik

mekanizmalarin gelisimi son yillarda 6nem
kazanmistir. Her biyodizelin kendine 6zgii
kimyasal kinetik mekanizmasi tam olarak
gelistirilememistir  Bu nedenle, belirli
kabuller yapilarak biitiin biyodizelleri
kapsayan genellestirilmis, biyodizelin yerini
tutan kimyasal kinetik mekanizmalari
gelistirilmis ve gelistirilmeye de devam
edilmektedir. ilk olarak, biyodizel kimyasal
kinetik mekanizmasi icin metil biitanoat

f Belirli bir
zamandaki PDF

Ozellik

Sekil 1. Stokastik Parcaciklarin Gésterimi ve Olasilik Yogunluk Fonksiyonu [22].
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(C,H,,0,) kullanimi 6nerilmistir [23], ancak
yapilan calismalarda metil biitanoat'in
tutusma gecikmesi degerlerinin ytiksek
oldugu ve tam yanma bilesenlerinin
yeterince  olusmadigi  gozlemlenmistir
[24, 26]. Bu sorunun ¢oziimii i¢in, metil
biitanoatin hacimce 1/3’i ve n-heptanin
(NC,H,,) hacimce 2/3"i oraninda karigimi
Onerilmistir [27]. Lawrance Livermore
Ulusal Laboratuvar1 (LLNL) biyodizelin
yerini tutabilecek olan metil dekanoat’i

(C,,H,,0,) Onermislerdir. Bunun nedeni,
metil dekanoatin karbon zincirinin
uzun olmast ve bunun sonucunda

tutusma gecikme zamanlarinin daha iyi
tahmin edilmesi ve tam yanma driinleri
olusumunun  go6zlemlenmesidir.  Metil
dekanoat ile yapilmis calismalarda, cgift
baglarin goriinimii ve konumunun yakitin
kimyasal yapisi tizerinde 6nemli bir etkiye
sahip oldugu saptanmistir [26, 27]. Genel
olarak biyodizel cesitli doymamis metil
esterler (metil oleat, metil linoleate ve metil
linolenat) icermektedir. Bu diisiinceden
yola ¢ikilarak, metil dekanoat mekanizmasi
metil-9-dekenoat (C,,H,0,) kapsayacak
sekilde genisletilmis ve n-heptan bileseni

ve mekanizmalarinin eklenmesiyle metil
dekanoat/metil-9-dekenoat/n-heptan
detayl kimyasal kinetik mekanizmasi elde
edilmistir. Bu mekanizma 3299 bilesen
ve 12363 reaksiyon icermektedir. Mevcut
calismalarda biiyiik molekiilli bilesenleri
iceren biyodizelin yerini tutan yakitin
kimyasal kinetik mekanizmasinin gergek
biyodizel yakitinin tutusma ve yanma
karakteristiklerini iyi bir sekilde temsil
edebildigi gozlemlenmistir [28, 30]. Metil
dekanoat, metil-9-dekenoat ve metil-5-
dekenoat bilesenlerinin tutusma gecikme
zamaninin deneysel olarak karsilastirilmasi
sonucunda metil-9-dekenoat ve metil
dekanoat benzer reaksiyon 0Ozelliklerine
sahip olmasindan dolay1 metil-9-dekenoat
bileseninin uygun olmadig1 saptanmistir
[31].

1.1. Literatiir Ozeti

Literatiirde biyodizelin pilot yakit
olarak kullanilmasiyla ilgili olarak siirh
saylda ¢alisma bulunmaktadir. Bu boliimde
literatiirde mevcut olan g¢alismalarin
incelemesi Tablo 1’de verilmistir.

Tablo 1. Biyodizel Pilot Yakith Cift Yakitli Motorlar icin Literatiir Ozeti

Gaz .
yakitin (;al}sl_?la Degisken Incelenen Onemli bulgular Referans
o tira parametre
turua
Hava Yakit Motor Diistik efektif verim; is, NO_ ve CO,
a7 Deneysel pliskiirtme performansi ve emisyonlarinda artma; CO ve HC [32,33]
& parametreleri | egzoz emisyonu emisyonlarinda azalma
Motor yiikii ve Motor Yiiksek 6zgiil yakit tiiketimi; yliksek 34, 35
Biyogaz | Deneysel | gazyakitakis | performansive | CO ve NO, emisyonlar; diisiik efektif 3,6] ’
debisi egzoz emisyonu verim
. Efektlf.verlm, Efektif verim, ve tutusma gecikmesi
Emilen maksimum o . .
. . . . e 1. degerlerinde artma; is, HC, CO ve
Hidrojen | Deneysel hidrojen silindir basinci . [37]
. o NOX emisyonlarinda azalma; ve kisa
miktari ve 1s1 agiga cikis L
s yanma siiresi
orani
Ozgiil yakit tiiketiminde azalma;
Su Hacimsel verimde azalma; NO,
Hidrojen | Deneysel em'ulsyonlu Efektif ve.rlm ve ve CO, emlsyonlarmda azalma.; 38]
biyodizel egzoz emisyonu Su buhari emisyonunda artma; is,
kullanimi yanmamis HC ve CO emisyonlarinin
degismemesi
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Tablo 1. Biyodizel Pilot Yakith Cift Yakitlh Motorlar icin Literatiir Ozeti (Cont’)

Gaz .
yakitin (}al}sl}la Degisken Incelenen Onemli bulgular Referans
tiirii tiirii parametre
Farkli motor Motor NO, emisyonunda artig; CO ve HC
LPG Deneysel . . performansi ve X >y % [39]
yiikleri . emisyonlarinda azalma
egzoz emisyonu
Farkli Motor Dizele gore diisiitk motor
Dogal miktarda pilot performansi; HC, CO ve NO
Deneysel performansi ve . X [40, 41]
gaz yakit ve motor 0707 emisvonu emisyonlarinda azalma; ¢evrim
yiikleri & Y farkliliginda azalma

Tablo 1'den de agik¢a goriildigi gibi,
biyodizel pilot yakith cift yakith motorlar
konusundaki ¢alismalar daha ¢ok yeni ve
sinirlh sayidadir. Tablo 1 incelendiginde
calismalarin tamaminin deneysel esash
oldugu ve eldeki literatiirde teorik temelli
bir calismanin olmadig1 tespit edilmistir.
Teorik calismalar icin kullanilabilecek cok
cesitli yazihim paketleri bulunmaktadir.
Bunlardan, Bolim 1'de gerekgeleri ile
tanitilan stokastik yaklasim esasl yazilim

bircok c¢alismada yaygin bir sekilde
kullanilmaktadir.

Stokastik Reaktor Model yazilimi
genellikle HCCI  (Homojen  Dolgulu
Sikistirma Ateslemeli) motorlarin
modellenmesi, simiilasyonu ve kurulan
modellerin dogrulugunun gosterim
islemlerinde  kullanilmaktadir. ~ Bunun

yaninda, buji ateslemeli (SI) [42, 43] ve
sikistirma ateslemeli (CI) [44] motorlarda
kurulan modellerin dogrulugunu goésteren
arastirmalar mevcuttur. Olasilik yogunluk
fonksiyonuna dayali 0-Boyutlu Stokastik
Reaktor Model yazilimiyla, 1-Boyutlu
CFD [45] ve 3-Boyutlu CFD yazilimlari
[44] birlestirilerek egzoz  emisyonu
ve yanma  karakteristikleri  tahmin
edilmistir Bu calismalarda, detayli ve
indirgenmis mekanizmalar kullanilarak
bu mekanizmalarin yanma ve egzoz
emisyonlarina etkileri incelenmistir.

1.2. Calismanin Amaci ve Kapsami
Literatiir incelemesinden gaz yakitlar
(6zellikle dogalgaz) ve biyodizel pilot yakiti

kullanilan ¢ift yakith motorlar konusunda
kapsamli  stokastik reaktéor modeline
dayali teorik bir g¢alismanin bulunmadigi
belirlenmistir. Bu calismada, stokastik
reaktér model yaklasimi ile biyodizel
pilot yakith dogal gaz motorunda silindir
basinci i¢in teorik bir modelin kurulmasi
amaclanmistir. ~ Calisma  kapsaminda,
“Kinetics & SRM Engine Suite” motor
simiilasyon yazilimi kullamilmistir [19].
Modelin sonuglar1 deneysel [13] veriler
ile dogrulanmistir. Deneysel verilerin elde
edilmesinde kullanilan deney motorunun
teknik 6zellikleri Tablo 2’de gosterilmistir.

Tablo 2. Deney Motorunun Teknik Ozellikleri

Tanimlamalar Teknik Ozellik

Motor modeli ND 130DI

Tek silindirli direkt

Motor tipi pliskiirtmeli (DI) motor
Cap x Strok (mm) 95 x 95
Strok hacmi (cm?) 673
Sikistirma orani 18
Emme supabinin 340° UONO (Ust Oli
acilmasi Noktadan Once)
Emme supabinin 224° UONO (Ust Olia
kapanmasi Noktadan Once)

224° UONS (Ust Olit

Egzoz supabinin agilmasi Noktadan Sonra)

340° UONS (Ust Oli
Noktadan Sonra)

Egzoz supabinin
kapanmasi

Yanma odasi tipi Agik yanma odali

Maksimum gii¢ degeri

(Alman beygir giicii - 13-2400

dev/dak)
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Tablo 2. Deney Motorunun Teknik Ozellikleri (Cont’)

Tanimlamalar Teknik Ozellik
Maksimum déndiirme
momenti (N.m - dev/dak) 42-2000
Sogutma suyu sicakligi (°C) 70 £ 2
Kaynak: [13, 14]
2. Yontem
2.1. Kimyasal Kinetik Model
“Kinetics & SRM Engine Suite”
yaziliminin calismast ic¢in ilgili yakitin
kimyasal kinetik mekanizmasina

ihtiyag duyulmaktadir. Kimyasal kinetik
mekanizmalar ilk olarak detayli kinetik
mekanizmalar olarak gelistirilmistir. Ancak,
detayli kimyasal kinetik mekanizmalarin
kullanilmas1 ¢6ziim siiresinin artmasina
neden olmaktadir. Bu problemi ¢6zmek
icin yakitlarin indirgenmis kimyasal kinetik
mekanizmalar1 bazi indirgeme yontemleri
kullanilarak elde edilmekte ve indirgenmis
kimyasal kinetik mekanizmalariyla
analiz yapilmaktadir. Bu calismada ‘metil
dekanoat/metil-9-dekenoat/n-heptan’
indirgenmis kimyasal kinetik mekanizmasi
(ERC-MultiChem+Bio)[46] biyodizel ve
dogalgaz yakitlarini temsil etmek igin
secilmistir.

2.2. Stokastik Reaktor Model Yaklasimi
ve Coziim Yontemi

Stokastik Reaktoér Model (SRM) gercek
akiskan pargaciklari ve silindir igerisindeki
homojenlik kavramlarinin yerine sanal
stokastik  parcaciklar ve istatistiksel
homojenlik kavramlarinin gecmesi
diisiincesini temel alan uzaysal olarak sifir
boyutlu bir modeldir [47, 48]. Her bir sanal
parcacik kiitle, sicaklik ve kimyasal bilesimi
temsil etmektedir. Bunun yaninda, bu
parc¢aciklar silindir duvarlarina yakin olan
diger parcaciklarla karisabilme kabiliyetine
de sahiptirler. Silindirin i¢cindeki maddeler
basing ve hacim degisikligi, kimyasal
reaksiyonlar, 1s1 transferi, tiirbiilansh

karisma ve yakit piiskiirtme olaylarina
baglidir. Bu olaylar konumdan bagimsizdir.
flgili biitiin parametreler bu islemlerden
elde edilir. Bu parametreler genel ve yerel
olarak alt bolimlere ayrilir ve Monte
Carlo parcactk yontemi kullanilarak
SRM esitliklerinin ¢dziimlenmesiyle elde
edilir [49]. Genel parametreler; toplam
kitle, hacim, ortalama yogunluk ve
basing degerlerini ifade ederler ve yanma
odasi icerisinde sabit deger alirlar. Bu
parametrelerin yanma odas1 igerisinde
uzaysal olaraksabitkaldigivarsayilmaktadir.
Yanma odas1 icerisinde degisen yerel
parametreler; her bir bilesenin Kkiitlesel
oranlarini ve sicakliklarini ifade ederler.
Yerel parametreler, silindir icerisindeki
gaz karisiminin icerigini belirleyebilen ve
yanma odasi icerisinde degisebilen rassal
degiskenler olarak varsayllmaktadirlar.
Bu rassal degiskenler kiitle yogunluk
fonksiyonu (MDF) yardimiyla agiklanabilir
[19].

SRM olasilik yogunluk fonksiyonunun
(PDF) motor silindiri boyunca aym
oldugunu farzeden istatistiksel homojenligi
esas almaktadir. Silindir boyunca silindir
icerisindeki yogunlugun degismesinden
dolayy, olasilik yogunluk fonksiyonu yerine
kitle yogunluk fonksiyonu yazilimda
isletilmektedir. Kiitle yogunluk fonksiyonu
olasilik yogunluk fonksiyonu ile yogunlugun
carpilmasindan elde edilir ve matematiksel
ifadesi asagidaki gibidir [19]:

Fvit)=p(y)f(vst) W

Bu esitlikte p yogunlugu, F kiitle

yogunluk fonksiyonunu ve 1 Kkiitle,
sicaklik, basing gibi 6zellikleri temsil eden
bir parametreyi ifade etmektedir. Kiitle
yogunluk fonksiyonunun zamana gore
degisimi asagidaki PDF esitligi araciligiyla
tanimlanir [19]:
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8 N+l a Ng+1 8
ZFit)=-), —| GWF (vt |+ ), —[4W)F (v;t)
ot ; oy, [ ! ] ,Z;’ oy, [ ]
Kimyasal reaksiyon k tirbidlanstt karigma (2)
1av 2 F_(w:t) Fsty F D
—— T r - U,y )F (w:t) ]+~ +
-—F i) S 4[ Wy, )F (@31) ] 5, . >
piston harekerl g *

tagirumla 151 transfert

Bu esitlikte N_+1 rastsal skaler degisken
sayisini, G, kimyasal kinetik mekanizmalari
tanimlayan ¢6ziim fonksiyonu, A(y) silindir
icerisinde meydana gelen tirbilans ile
karisma isleminin belirten fonksiyonu, V
strok hacmini, U({,_,,) silindir dolgusuyla
duvarlar arasindaki tasinimli 1s1 transfer
fonksiyonu, F. ve F. yakit ve piston
tstii ile silindir gomlegi arasindaki dar
bosluk icerisindeki gazin kiitle yogunluk
fonksiyonu ve t__, T, Ve T, sirasiyla
piston iistil ile silindir gomlegi arasindaki
dar bosluk icerisindeki gazin, silindir
icerisindeki gazin ve yakitin karakteristik
kalma sureleridir. Kalma stiresi, bir 6zel
yap1 (reaktor, motor, gol vb.) icerisinde
bir akiskan parc¢aciginin harcadiglr zamani
veya ortalama zamani ifade eder. Esitlik
(2)’de baslangig sartlar1 asagidaki gibi ifade
edilmektedir [19]:

F (y:0)=F,(v)

Esitlik (2)'nin sag tarafindaki terimler
silindir icinde meydana gelen fiziksel
strecleri ifade etmektedir Bu esitlik
Monte Carlo stokastik parcacik yontemi
araciligiyla ¢oztiimlenir [19, 49]. Grup
ortalamali olasilik yogunluk fonksiyonu su
sekilde ifade edilir [19]:

(3)

1 Npar (l) 4
fr)=—— 2oy -v"() @
par i=1
N  stokastik parcaciklarin bir grubu

ar

olasilik yogunluk fonksiyonunun istatiksel
gosterimi ve & (Dirac Delta), siirekli

iist segmar kenart boghdk hacmi  yakit enjeksiyonu

olmayan dagilim fonksiyonuna (Heaviside
fonksiyonu=Birim adim fonksiyonu) karsilik
gelen olasilik yogunluk fonksiyonudur.
6 fonksiyonu birim adim fonksiyonunun
tlrevidir [49]. Esitlik (2)’yi ¢6zmek i¢in, her
bir terimi ayr1 olarak isleyen islemci ayirma
teknigi [47, 49, 50] uygulanir.

3. Bulgular ve Tartisma

Bu ¢alismada; silindir basing degisimi,
biyodizel pilotyakitinin enuygun piiskiirtme
zamanlamasi ve en uygun piskiirtme
basinci icin ‘Kinetics & SRM Engine Suite’
yaziliminda en uygun stokastik parcacik
sayisinda ve farkli stokastik pargacik
sayllarinda modelleme ve similasyon
calismalar1 gergeklestirilmistir. Deneysel
calismada sabitmotor devir sayisinda (1800
dev/dak) ve %75 yiik degerinde basing ve
1s1 salim1 orani degerlerinin krank acgisina
gore degisimi incelendiginden dolay1 [13]
simiilasyonlar da belirtilen bu kosullarda
gerceklestirilmistir. Elde edilen sonuglar
1800 dev/dak devir sayisinda ve %75
yuk degeri i¢in Sekil 2-4’de sunulmustur.
En uygun biyodizel pilot yakit piiskiirtme
zamanlamast iist 6lii noktadan 6nce (UON,)
17° KMA ve en uygun biyodizel pilot yakit
puskiirtme basinct (120 MPa) degerleri
ortalama indike basin¢ (IMEP) yardimiyla
belirlenmistir. Modelin gecerliligini
gostermek icin, en uygun iki durumun
(120 MPa ve UON; 17° KMA) silindir
basincinin krank acisina gore degisim
diyagramlari Sekil 2’de gosterilmistir. Sekil
2 (a)’da goriildiigii gibi, simiilasyon basing
degerleri deneysel basing degerlerine gore
120 MPa biyodizel pilot yakit pliskiirtme
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basinci igin yaklasik %6.6 hata oraniyla
dogrulanmistir. Sekil 2 (b)’'de gorildigi
gibi, UON, 17° KMA biyodizel pilot yakit
puskiirtme zamanlamasi i¢in yaklasik %7.3
hata oraniyla dogrulanmistir [51].

140
| ) 1 ] ] r-'________-_"‘-\
| ] | [ Npuim100
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faydalanilarak hesaplanmaktadir.

En uygun pilot yakit piskiirtme
basina i¢in elde edilen MAPE degerleri;
50 stokastik parcacik sayisinda %6.96,
100 stokastik parcacik sayisinda %6.65,

140
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(b)

Sekil 2. (a) 120 MPa Pilot Yakit Piiskiirtme Basinci ve (b) 17° KMA Piiskiirtme Avansinda Yapilan Pilot
Yakit Piiskiirtme icin Silindir Basing Verileri ile Teorik Modelin Dogrulanmasi

Sekil 3’te en uygun biyodizel pilot
yakit piiskiirtme basinct (120 MPa) i¢in
farkli stokastik pargacik sayilarindaki
silindir basincinin krank agisina gore
degisimi gosterilmistir. Sekil 3’te tim
parcacik sayilarinda yaklasik -10°KMA’dan
2°KMA'na kadar deneysel basing verisinin
ustiinde degerler aldig1 go6zlemlenmistir.
Sekil 4'te en uygun biyodizel pilot yakit
piiskiirtme zamanlamas1 (UON, 17° KMA)
icin farkl stokastik parcacik sayilarindaki
silindir basincinin krank agisina gore
degisimi gosterilmistir. Sekil 4’te biitiin
parcacik sayilarinda yaklasik -10°KMA’dan
6°KMA'na kadar deneysel basing verisinin
ustiinde degerler aldig1 go6zlemlenmistir.
Her iki durum i¢in deneysel ve simiilasyon
basing egrileri arasindaki yakinlik iliskisi
ortalamamutlakytizde hata (MAPE)ileifade
edilmistir. MAPE degerlerini hesaplarken
her bir krank acisindaki deneysel
ve simiilasyon basing degerlerinden

150 stokastik parcacik sayisinda %6.58
ve 200 stokastik parcacik sayisinda %6.99
olarak elde edilmistir. En uygun pilot yakit
puskiirtme zamanlamasi icin elde edilen
MAPE degerleri ise; 50 stokastik pargacik
sayisinda %7.64, 100 stokastik parcacik
sayisinda %7.31, 150 stokastik parcacik
sayisinda %7.29 ve 200 stokastik parcacik
sayisinda %7.74 olarak elde edilmistir.

Bu iki en uygun durumda, MAPE
degerlerine gore kiyaslama yapildiginda
deneysel basing verisine en yakin elde
edilen stokastik parcacik 150 iken en
uzak stokastik parcactk 200 oldugu
gorilmektedir. Ancak, bu yazilimda 100
stokastik parcacik sayisi varsayilan deger
olarak belirlenmistir. Bu pargacik sayisinda
similasyon islemi gerceklestirilmis sonraki
adimlarda simiilasyon girdi degerleri
degistirilmeksizin sadece stokastik pargacik
sayilari degistirilerek  simiilasyonlar
yapilmistir.
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Gére Degisimi

Simiilasyon basing degerlerinin
sikistirma ve  yanmanin  baslangic
bolgelerinde deneysel basing degerlerinden
biiyiik olmasi ve genisleme bolgesinde

deneysel basing degerlerinden kiiglik
olmasinin  nedenlerinden  ilki  dar
bosluk akisini  saglayan hacmin (%

cinsinden) yaklasik olarak hesaplanmasi
ve hesaplanan degerin simiilasyonda

girdi degeri olarak girilmesidir. ikinci
neden, sayisal c¢oziimleme icin gerekli
olan baslangic smir sarti degerlerinin
(baslangic basinct  ve sicakligl) tam
olarak bilinememesi ve deneme yanilma
yontemiyle belirlenmesidir. Ugiincii neden,
tirbiilans karismayir modelleyebilmek i¢in
uygun karisma modelinin se¢imi ve secilen
modele gore ilgili parametrelerin (girdap
orani, ddnme orani, vb.) varsayilan deger
olarak kabul edilmesidir. Dordiincii neden,
1s1 transferinin modellenmesinde piston
uistii-silindir kafasi-silindir gomlegi sicaklik
degerlerinin deneme yanilma yo6ntemi
araciligiyla yaklasik olarak belirlenmesidir.
Sonuncu ve en onemli neden ise, alternatif
yakitlardan biri olan biyodizel i¢in kimyasal
kinetik mekanizmalarin yeni gelistirilmeye
baslanmis olmasi ve hesaplama siiresini
kisaltmas1  agisindan  biyodizel igin
gelistirilmis olan detayli kimyasal kinetik
mekanizmasinin indirgenmis siirimiiniin
kullanilmis olmasidir.

4. Sonuglar ve Oneriler

Bu calismada, simiilasyon islemi
sonucunda en uygun biyodizel pilot yakit
puskiirtme basinci (120 MPa) ve en uygun
biyodizel pilot piiskiirtme zamanlamasi
(UON, 17° KMA) durumlarinda farkli
stokastik parcaciklar i¢in simitlasyon
ve deneysel silindir basing degerlerinin
belirli hata oranlarinda birbirleriyle
uyumlu oldugu goézlemlenmistir. Her iki
durumda modelin gegerliligini gostermek
icin, 100 stokastik parcacik sayisinda
gerceklestirilen simiilasyon islemi
sonucunda silindir basing degerleriyle
deneysel silindir basing degerlerinin belirli
hata oranlarinda birbirleriyle uyumlu
oldugu gozlemlenmistir.

Bu calisma ile biyodizel pilot yakith
dogalgaz  motoru  stokastik  reaktor
model yaklasimiyla ilk kez incelenmis
ve bu yaklasimin cift yakith motorlarda
uygulanabilirligi gésterilmistir. Mevcut olan
her bir biyodizelin kendisine 6zgii kimyasal
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kinetik mekanizmas1 gelistirilebilir ve
bu kimyasal kinetik mekanizmalar ile
simiilasyonlar gerceklestirilebilirse
deneysel ve simiilasyon yanma,
motor performansi ve egzoz emisyon
karakteristikleri incelenebilir. Bu yontemin
deneysel verileri belirli hata oraniyla
dogrulama isleminin sonrasinda; farkl
motor parametrelerinin (motor devir sayisi,
gaz ve siwv1 yakitin kimyasal bilesenleri,
pilot yakit piiskiirtme miktarlar1 gibi...) ve
Homojen Dolgulu Sikistirma Ateslemeli
(HCCI), buji ateslemeli (SI), direkt benzin
puskiirtmeli (GDI) motorlar gibi farkh
motor c¢alisma yoOntemlerinin yanma,
motor performansi ve egzoz emisyon
karakteristikleri incelenebilir. Yazilimda
tanimlanan kullaniciya kapali parametreler
(dar bosluk akisini saglayan hacim orani,
kiitle ve zaman faktorleri) iyilestirilebilirse
ozellikle sikistirma sonu ve yanmanin
basladigr bolgede simiilasyon sonuglari
deneysel sonuglara yaklasabilir.  Son
olarak, pilot yakiti degistirmeksizin ana
yakitlar biyogaz, hava gazi ve LPG olan ¢ift
yakith gemi makinelerinin tasarlanmasi
icin bu yakitlart iceren kimyasal kinetik
mekanizmalar gelistirilebilirse modelleme
ve simiilasyon islemleri yapilarak deneysel
ve simiilasyon yanma karakteristikleri
belirlenebilir ve ¢evre dostu gemi
makineleri iiretilebilir.
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Abstract

Demonstration of the seakeeping calculation results other than polar diagrams and Cartesian plots
is important during the initial and detail design stages of naval platforms due to the necessity of
numerical simulations (time series data) for the design and validation of the systems on board. These
time series simulations are called as “real time computer experiments”. Similar simulation algorithms
for ship motions and wave elevation are also used by ship-handling simulators for realistic visualization.
The goal of this paper is to create a basis for the simulation-based analysis of ship motions and wave
elevation for future design and validation studies for both the naval platform itself and the systems on
board. The focus of this paper is the clarification of the theoretical background of this process, i.e. all
formulations required to create and validate a ship motion and wave surface simulation are given in
detail. The results of this study may also be used in ship-handling simulators or helicopter landing on
ship simulations.

Keywords: Seakeeping Simulation, Ship Motions, Short-Crested Irregular Seas.

Kisa Dalga Tepeli Karisik Denizlerdeki Gemi Hareketlerinin Simiilasyona Dayali
Analizi

Oz

Denizcilik hesap sonuglarinin polar diyagramlar ve Kartezyen grafikler disinda gésterimi, deniz
platformlarinin baslangig ve detay tasarim asamalarinda gemideki sistemlerin tasarimi ve dogrulamasi
icin sayisal simiilasyonlarin (zaman serisi veri) gerekliligi nedeniyle onem arz etmektedir. Bahse konu
zaman serisi simiilasyonlart “gercek zamanl bilgisayar deneyleri” olarak adlandirilmaktadir. Gemi
hareketleri ve dalga yiiksekligi icin benzer simiilasyon algoritmalari, gemi kullanma simiilatérleri
tarafindan gergekgi gorsellestirme igin de kullanilmaktadir. Bu makalenin amaci, deniz platformunun
kendisi ve tizerindeki sistemler icin gelecekteki tasarim ve dogrulama ¢alismalarinda kullanilmak tizere,
gemi hareketlerinin ve dalga yiiksekliginin simiilasyona dayalt analizi igin bir temel olusturmaktir.
Makalenin odak noktasi bu siirecin teorik altyapisinin agikliga kavusturulmasi olup, bir gemi hareketini
ve dalga yiizey simiilasyonunu olusturmak ve dogrulamak igin gerekli tiim formiilasyonlar ayrintili
olarak verilmektedir. Calismanin sonuclart gemi kullanma simiilatérlerinde veya gemiye konuslu
helikopter simiilasyonlarinda da kullanilabilir.

Anahtar Kelimeler: Denizcilik Simiilasyonu, Gemi Hareketleri, Kisa Dalga Tepeli Karisik Deniz.
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1. Introduction

Demonstration of the seakeeping
calculation results is important during the
initial and detail design stages of naval
platforms. In order to confirm the fulfillment
of the mission criteria sets for the platform,
polar diagrams and Cartesian plots of root
mean square (rms) or significant values
of responses are commonly used, but
numerical simulations (time series data,
time history) are also needed for the design
and validation of the systems on board.
These systems mainly include active roll
stabilizer fins, active motion interceptors,
rudder roll stabilization, helicopter
securing & traversing, helicopter visual
landing aid, and all sensors & weapons.
The simulated time series of ship motions
and wave elevation may also be used for
the naval platform itself to derive the shear
force and bending moment distribution of
ship sections using ship hydroelasticity
theory, as investigated by Belik [1]. These
time series simulations are called as
“real time computer experiments” [2, 3].
Similar simulation algorithms for ship
motions and wave elevation are also used
by ship-handling simulators for realistic
visualization, as presented by Yeo et al. [4].
The results of this study may also be used
in mooring simulations [5] or helicopter
landing on ship simulations [6].

2. Methodology

An in-house ship motion and wave
surface simulation (in short-crested
irregular seas) code is developed in a
C++ programming language which can
be controlled by the user in real time
on screen. The visualization is achieved
using Object-Oriented Graphics Rendering
Engine (OGRE) Software Development Kit
[7], as shown in Figure 1. The simulation
uses the basic methodology of the real time
uncontrollable ship motion simulation
(in long-crested irregular seas) which
was written in Virtual Reality Modelling

Language (VRML) by Adanir et al. [8].

The current simulation works real
time and has no time limitation (infinite
simulation duration). Time step of the
“real time simulation” is the time passed
since the last frame rendered, i.e. depends
on the frame rate. The simulation can be
accelerated or decelerated using predefined
large or small fixed time steps for analysis
purpose. The simulation has also real
time controllable parameters for the ship
and the environment. The controllable
ship parameters are the speed and rudder
angle. The controllable environment
parameters are the sea area, sea-state
and wave direction. Sea areas are defined
by appropriate sea-spectra. Sea-states
are defined by the World Meteorological
Organization (WMO) standard sea-state
code (Douglas Scale).

Shipresponsesinshort-crestedirregular
seas are calculated for the selected sea-state
and sea-spectrum (sea area). There is also a
long-crested irregular seas option for the
analysis purpose. Generation of the time
series data for the seakeeping simulation
(shipresponses) is performed by the similar
superposition algorithm indicated by Perez
[9], using pre-calculated frequency domain
Response Amplitude Operators (RAOs) for
the selected sea-state and sea-spectrum.
The algorithm is based on the St. Denis and
Pierson’s [10] application of the principle of
superposition to the ship motion problem.

The three Cartesian coordinate systems
defined by Beck et al. [11] are used
to determine the ship motions for the
seakeeping simulation. These are the earth-
fixed (x,, y,, z,), moving(inertial) (x, y, z
), and the body-fixed (x, ¥, z ) system. The
x, — ¥, plane of the earth-fixed system and
the x—y plane of inertial system coincide
with the calm water level. For the body-
fixed coordinate system which moves with
all the motions of the ship, the x —3 plane
coincides with the ship’s calm water-plane,
with z axis normal to it upwards, i.e. the
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ST EE = e T

Figure 1. Ship Motion and Wave Surface Simulation

origin is in the calm water-plane at any
convenient point between fore and aft in
the center plane, such as amidships. In this
study the z axis is through the center of
gravity of the ship, as Salvesen, Tuck and
Faltinsen [12] specified. The orientation
of the body-fixed system relative to the
inertial system gives the translational and
rotational motions of the ship. The inertial
to earth-fixed system transformation is
given by:

Xy =x+Vt

Yo=Y (1)
Z,=z

where ¥V, and represents the ship
speed and time respectively. There are
several cameras (views) in the simulation
located on all coordinate systems, which
makes analysis of ship motions possible
from different angles. The bridge view of
the body-fixed system can be used for a
ship-handling simulator.

Thetime series data for the short-crested
irregular sea surface is generated by the
well-known superposition algorithm that
follows St. Denis and Pierson [10], for the
selected sea-state and sea-spectrum. There
is also a long-crested option for analysis

purpose. The wave surface is defined in the
earth-fixed coordinate system. The wave
visualization is performed using the add-
on library of OGRE Software Development
Kit named “Hydrax Version 0.5.1” [13]. In
order to create an infinite wave surface,
“Projected Grid” option of Hydrax based on
Johanson [14] thesis is used. New Hydrax
subroutines are written for the desired sea-
spectra.

As a beginning of a future maneuvering
simulation study, smooth turning of the ship
is achieved by using the interpolated values
of tactical diameter with respect to the
rudder angle and ship speed. The heading
angle and the orientation of the earth-
fixed and inertial coordinate system are
updated when the rudder angle is changed.
Coordinate system transformation for the
maneuvering simulation is not in the scope
of this study.

The current simulation does not fit
simulation interoperability standards like
High Level Architecture (HLA).

3. Theoretical Background

The focus of this paper is the explaining
of the theoretical background of a ship
motion and wave surface simulation.
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Although the readers are aware of most
the formulations given in this paper, all
formulations including Sea-State, Sea-
Spectra, Directional Spectrum, Derived
Responses which are required to create such
a simulation are given in the following sub-
sections.

3.1. Sea-State

Sea-states are defined by the WMO
standard sea-state code (Douglas Scale) i.e.
in the WMO Code Table 3700 [15]. This code
table is used for recording the sea-state by an
observer. The wave height values recorded
by the observer refer to the well-formed
wind waves of the open sea [15]. On the
other hand, the definition of the “significant
wave height” according to STANAG 4154 [16]
is as follows: “If all the wave heights (peak to
trough) of a wave record are measured, the
significant wave height is the mean value of
the highest one-third of all the wave heights.
It is approximately equal to the wave height
estimated by an observer”. The statistical
term “significant waves" is first introduced
by Sverdrup and Munk [17] as “the mean
height of the highest one-third of all the
waves” (cited by Longuet-Higgins [18]).
Sverdrup and Munk [17] implied that “a
careful observer who attempts to establish
the character of the higher waves will tend
to record the significant waves”. Therefore
the wave height range of this sea-state code
(WMO Code Table 3700) can be regarded as
significant wave height range for the naval
engineering purpose, as shown in Table 1.

3.2. Sea-Spectra

The random nature of an irregular sea
can be described mathematically by the sea-
spectrum formulas. 12%*International Towing
Tank Conference (ITTC) [19] recommended
the following spectral formulation for open
ocean wave conditions;

s (o) =§exp(—§j )

Table 1. Sea-States, after [15] & [27]

Significant Mean Values of
Sea- Wave Height Significant Wave
State Range Height Range
(in meters) (in meters)
0-1 0,00-0,10 0,05
2 0,10 -0,50 0,30
3 0,50 - 1,25 0,88
4 1,25-2,50 1,88
5 2,50 - 4,00 3,25
6 4,00 -6,00 5,00
7 6,00 - 9,00 7,50
8 9,00 - 14,00 11,50
9 214,00 214,00

where o is the circular wave frequency in
radians per second, 4 and B are constants.
If no information except the significant
wave height H | is available about the sea
area then,

A4=0.0081g", 1L

B="—5 (3)

Hi;

Here, g is the acceleration of gravity. If
average period T, is also known then,

2
A= 173H—1f, B= 241
L L

Equation (2) along with Equation (3) isa
form of the “Pierson-Moskowitz Spectrum”
which was first introduced by Pierson
and Moskowitz [20] in 1964 and called as
“ITTC One Parameter Spectrum”. Equation
(2) along with Equation (4) is a form of
the “Bretschneider Spectrum” which was
first introduced by Bretschneider [21] in
1959 and called as “ITTC Two-Parameter
Spectrum”. This spectrum is also called
as “The Modified Pierson-Moskowitz
Spectrum”, but the reason is not clear since
the Bretschneider Spectrum is devised
before the Pierson-Moskowitz Spectrum
[22].

15® ITTC [23] made an amendment
to the above spectral formulation and

(4)
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recommended the use of only Equation
(2) along with Equation (4) as a standard
spectral formulation for open ocean wave
conditions. 15® ITTC recommended the
following spectral formulation which is a
form of the “Joint North Sea Wave Project
(JONSWAP) Spectrum [24]” for fetch-
limited situations;

0.20607; -1

S, (®)=0.658 S (w)3.3 pi[T} ()

where,

4.85
Os—

L

4.85
0>—
T

o =007 for

(6)
o =009 for

Here S() is the “ITTC Two-Parameter
Spectrum” which was defined by Equation
(2) along with Equation (4). 17% ITTC [25]
made a replacement for the above fetch-
limited spectral formulation as a draft
recommendation, but it was not adopted
as a final recommendation by the 17% [TTC
seakeeping committee.

The significant wave height A, and
average period 7 are the main input of the
above recommended spectra. On the other
hand, STANAG 4154 [16] recommended
to use the significant wave height and the
modal wave period I to characterize
the nature of the seaway. The modal wave
period corresponds to the maximum wave
energy, i.e. the peak frequency (modal wave
frequency) of the spectrum curve [16, 26].
The relation between the average and the
modal wave period is as follows [26];

T =1296T (7)

The constants (4) become as follows,

using Equation (7);
2
H—lf, B= 1949 (8)

A=488 =

m

The JONSWAP Spectrum in terms of
modal wave period is as follows [26];

2
1 (UTm_
P]‘w[ Fra 9)
S, (@)=0.658 S()3.3
where,
=007 for < 2—”
m (10)

2z
w>—

m

o=0.09 for

The mean values of the significant
wave height range can be used to define
the sea-state as shown in Table 1, but the
corresponding modal wave periods for
each sea-state should be known to define
the sea area. 18" ITTC [27] gives the range
and most probable modal wave periods of
North Atlantic, North Pacific, and Northern
Hemisphere for each sea-state.

ITTC One-, ITTC Two-Parameter and
JONSWAP sea-spectra at “sea-state 6” for
the Northern Hemisphere are shown in
Figure 2. The dimension of the sea-spectra
is “squared length multiplied by time”, since
the spectral ordinates are the measure
of the average squared value of the wave
amplitude of the corresponding frequency
abscissa [10]. The area under the spectrum
curve is equal to the “variance” of the large
irregular wave time history which has a
zero mean [26];

m, =TS(a))da)

0

(11

This is why the sea-spectrum is also
named as “variance spectrum” by Beck
et al. [11]. Since the irregular wave time
history has been agreed to hold a zero
mean, variance is equal to the “mean square
value” [28].

The “standard deviation” or “rms value”
is equal to the square root of variance [28].

The significant wave amplitude ¢, is
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equal to the double rms amplitude. Hence
the following equation is valid for the
significant wave height [26];

H,,=2¢,, =2><2\/m_0:4\/m—0

The peak frequency of the spectrum
curve equal to the modal wave frequency
o, as mentioned before and therefore the
modal wave period is as follows;

2

T,=—
,

It is obvious that one can derive
the same values of the significant wave
height and modal wave period from a sea-
spectrum curve, which has been calculated
using above spectral formulas in terms of
the significant wave height and modal wave

period.

(12)

(13)

3.3. Directional Spectrum

The sea-spectra described above
is unidirectional, i.e. can be used for a
description of a long-crested irregular
sea. In order to describe a short-crested
irregular sea it is required to have a multi-
directional spectrum. Multi-directional
or shortly “directional” spectrum can be

S(0) (meters2 second)

defined as follows [9];

S(v)=M (v-1) (o) (14)

where M (v-u) is the spreading
function and S (w) is the unidirectional
spectrum.Here # isthe primary (dominant)
and v is the secondary wave direction
relative to the earth-fixed coordinate
system. The range of the secondary wave
directions is defined as follows [26];

“Vinax SV*[HSV‘MX

ma:

(15)

where v_  is the wave spreading angle.
The spreading function distributes the total
energy of the unidirectional spectrum over
the range of secondary wave directions
from —v__ to v__ [26]. Therefore, the
variance of the irregular wave time history
(11) becomes as follows [10] (cited by
Perez [9]);
© 0 Vinax tH
m, :IS(w)dw:j I S(o,v)dvdae
0 0 —Viax +4
This equation means that volume
under the directional spectrum surface is
equal to the variance of the irregular wave
time history with has a zero mean. The
volume under the directional spectrum
surface is also equal to the area under the

(16)

==|TTC 2 Parameter -
—— JONSWAP

i i
0 0.2 0.4 0.6 0.8

1 1.2 1.4 1.6 1.8 2

o (radians/second)

Figure 2. Sea-Spectra at “Sea-State 6” for the Northern Hemisphere
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corresponding spectrum curve. Following
equation can be written from Equation
(16);

Vinax TH Vinax TH

j S(w,v)dv: I M(v—,u)S(a))dv (17)

“Vinax 4 “Vinax +H

§(w)=

The above equation can be rewritten as;

T M- S(@)d(v-p)

~Vmax

S(w)= (18)

The spreading function is defined as follows
[26];

(19)

M(v—,u)chos’”[

- W—ﬂﬂ
max

where D is a constant and m is the
spreading index (a positive integer). If we
set;

r_ T _ /=L _
V= (v—u) = dv 5, d(v—-u)

max max

(20)

Equation (18) becomes [26];

L4

—V,
2Vimax

Dcos™ (v') S(w)dv' (21)

T
m(*"max )

The constant D can be written from the
above equation as follows [26];

4 1 4 1

= 72 = 2
2Vmax J.COSW (V') av' 4Vmax J.COSm (Vr) av' (22)
0

2

Integration of the above equation for
different values of m yields;

1
for m=0
zvmax
il for m=1
D 4Vmax
N 1-3-5---m T (23)
for modd>1
2:4.6---(m—1) 4v,,.
2:4:6-m ! for meven>0
1~3-5---(m—1)2vmax

Following equation is also valid for even
values of m other than zero, where

n=mf2 [9];

2(2"’l)n'(n—1)I
M(v—y):%coszn(v—y) for —%Sv—,uﬁ% (24)

In this study, spreading index m is 2, and
the spreading angle v is 7r/2, which is
the most common practice to represent
short-crested seas for ship design purposes.
Therefore, Equation (14) becomes as
follows [26];

S(a),v)zzcos2 (v—u)S(w) (25)
Vs

The directional ITTC Two-Parameter sea-

spectrum derived from Equation (25) at

“sea-state 6” for the Northern Hemisphere

is shown in Figure 3.

Figure 3. Directional ITTC Two-Parameter
Spectrum at “sea-state 6” for the Northern
Hemisphere

3.4. Generation of the Time Series

So far it has been shown that the sea-
spectrum formulas can be used to define
the random characteristics of an irregular
sea. A similar spectral formulation can
be used to investigate ship responses to
irregular waves since both are random
processes. Under the assumption of
linearity for the ship motions, St. Denis and
Pierson [10] used the linear superposition
theory and the spectral analysis techniques
developed in other disciplines and
introduced an innovative method which
associates the spectral density of ship
responses to the input sea-spectrum
to determine the statistics of the ship
motions in irregular seas. In this method,
the principle of superposition allows the
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ship responses in irregular waves to be the
sum of the responses to regular waves of
all frequencies of the input sea-spectrum.
Therefore, responses can be represented by
the spectral density functions (motion or
response spectra) similar to the sea-spectra
and the area under these motion spectra
gives the variance of the corresponding
response amplitude [11, 12, 29]. Price
and Bishop [28] described further
developments and details about St. Denis
and Pierson’s [10] approach [11, 30].
Following these studies, generation of
the time series of numerical simulations can
be performed. Based on this method, from
any irregular wave time history, resultant
sea-spectrum can be derived. The inverse
of this procedure is also available, i.e.
superposition of alarge number of sine or
cosine wave components assumed to have
a definite frequency and a random phase-
shift angle produces an irregular wave time
history [26, 11]. The same back and forth
process is also valid in the ship responses.
The time series data for a long-crested
irregular wave surface defined in the earth-
fixed coordinate system can be generated
with the following algorithm as indicated
by Perez [9];
Clrnviat) =22, cos( 45, ~k, (3, con =, sing)) (26)
=1
Here f , €, k are the wave amplitude,
random phase-shift angle, and the wave
number of each component respectively,
and 4 is the wave direction relative to the
earth-fixed coordinate system. Following
equation is valid for the amplitudes of
the wave components in the limit as dw

approaches zero [11];

1 =
E(fzS(a)n)&o (27)
Therefore, each component amplitude can

be found as follows if dw is small enough
[11];

Z = \[25(0,)00 (28)

The time series data for a short-crested
irregular wave surface can be generated
with the following algorithm as indicated
by Perez [9];

';[m.rmf}=}v:ii_mmwﬁm—h(rnmu—.vnﬁw,J] 29

Here v is the each secondary wave
direction relative to the earth-fixed
coordinate system;

H—= Vmax = Vm S H + Vmax (30)

where, if v <0,thenv =v +27.

For a directional spectrum (14), component
amplitude can be found as follows [11];

;_’,m =3 JZS (m",l»';)(‘ia)ér

Long- and short-crested irregular wave
surfaces derived from above formulations
at a time are shown in Figure 4.

The time series data for the ship
responses is also calculated based on
the St. Denis and Pierson [10]. The input
wave spectrum and the RAOs for the ship
are required for this purpose [29]. St.
Denis and Pierson [10] defined the RAO
as “the amplitude of the response to the
wave amplitude of unity”. In other words,
RAO is the non-dimensional motion
amplitude. Linear motion (surge, sway,
heave) amplitudes are divided by the wave

(31

i

Figure 4. Long-Crested (Left), Short-Crested (Right) Irregular Wave Surface
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amplitude ¢, angular motion (roll, pitch,
yaw) amplitudes are divided by the wave
slope amplitude k¢ . The RAO is also named
as “transfer function” in other disciplines. It
is the ratio of wave amplitude or wave slope
amplitude “transferred” to the response
amplitude by the ship which is supposed to
be a “system” [26]. Essentially, the modulus
(absolute value) of the complex transfer
function (non-dimensional complex motion
amplitude) is defined as the RAO [11].
Consequently, the argument of the complex
transfer function is the phase-shift angle
of the response. However, sometimes the
term RAO is used for the complex transfer
function itself.

On a moving ship, the responses are
experienced at the encounter frequency,
not the wave frequency. In deep water
following equation is valid for the encounter
frequency [26];

2

cue:cu—w s cos y (32)
g

Here, ¢ is the acceleration of gravity, V,
is the ship speed and , is the “heading
angle” or “encounter angle” which is the
ship course relative to the primary wave
direction;

¥ =course — (33)

where, if y <0,then y = y+27.

Since 9" ITTC [31] ithasbeen agreed that
heading angle of 0° represents following
seas and 180° represents the head seas. The
sea-spectrum should be also transformed
into the “encounter spectrum”, which has
the same area under the spectrum curve,
to cover the range of encounter frequencies
on board. The encounter spectrum can be
calculated as follows [26];

— g
S(a)(,) S(a))g—2wVS cos y
The product of the encounter spectrum
with the square of the RAO of the desired
response gives the corresponding motion
(response) spectrum [29];

(34)

Sy(@.)=|H (@) S(@.) for i=12...6 (39

Here i is the motion index for surge, sway,

heave, roll, pitch yaw respectively. Similar

to the sea-spectra, the area under these

motion spectra gives the corresponding

motion amplitude variance [26];
o0

m, = ISni (@,)do, (36)
0

Alternative formulation for the motion

spectra in wave frequency domain is as
follows [26];

Sy(@)=\H (0,Vs, x)| S(@) for i=12....6 (37)

‘2

Note that, the RAO in Equation (37) is equal
to the RAO in Equation (35), which is just
for the demonstration of the domain;

H(o.Vs, 7)=H,(@,) (38)
The ordinates of motion spectrum in the
wave frequency domain (37) have no
physical meaning, but the areas under both
motion spectra, i.e. the motion amplitude
variances are equal [26];
m,, szni(w)dw:ISﬂi(we)dwe (39)
0 0

Similar to (27), the following equation can
be written for the motion amplitude in the
limit as dw approaches zero;
2

=S,

1_

§|77i,n (a)n)é‘a) (40)
Therefore, motion amplitudes for each
component can be found as follows if dw

is small enough;

|r7,,,n| =2S,(®,)00 (41)
In short-crested seas, componentamplitude
can be found as follows, similar to Equation
(31);

71| =28, (0,0, ) 005V
where;
Sni(a)"’vm) Z‘Hi(a)n’Vs’Zm)

(42)

‘ 2

S(@,,v,) (43)
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Here y is the heading angle, i.e. the ship
course relative to the each secondary wave
direction v_;

Xn =course—V,,

(44)
where, if y <0,then y =y +27.

From (31) and (43), Equation (42) can be
rewritten as follows;

|77i,n,m| = éTn,m |H[ (wn’ VS’ Zm )|

The time series data for the seakeeping
simulation (ship responses) in short-
crested seas can be generated with the
similar algorithm as indicated by Perez
[9], using pre-calculated frequency domain
RAOs for the selected sea-state and sea-
spectrum;
n,(t):iz‘ﬁ,‘”‘m‘ COS(@, 0 L+ +E,) For i=1,2,3

(46)

M
> ‘ﬁmm‘k,, cos(a)e o £ T+ g,m) for i=4,56

(45)

Here o~ is the component phase-shift
angle of the response. Encounter frequency
for each heading angle (44) is as follows

2
0, = -7 (47)

en,m

COS lm

The time series data for the seakeeping
simulation (ship responses) in long-crested
seas can be also generated by the above
formula with A =1 and dv =1 [9].

3.5. Derived Responses

The time series of the derived
responses like absolute or relative motions,
accelerations; vertical distortion, shear
force and bending moment distribution of
ship sections can be obtained by the “real
time computer experiments”. The excessive
motions, deck wetness, slamming or
emergence at any location can be observed
and analyzed from the relative motion time
history.

As an example, the absolute vertical
motion involves heave and pitch motions
only for the ships in long-crested irregular
head seas. The time series data for the
absolute vertical motion at any point of the

ship can be generated as follows;

nAV(t)=773(t)—)_csin(775(t)) (48)
where ¥ is the distance from the center
of the body-fixed coordinate system. Note
that sine of a small angle is equal to the
angle itself in radians. Therefore, the above
equation becomes as follows;

ﬂAV(f)=773 (t)_)_”?s (t) (49)
Likewise, the vertical component of the

angular pitch motion RAO at any point of
the ship becomes as follows;

‘Hsy () =%k ‘Hs (@,)
where £ is the wave number.

Superposition of the amplitudes of two
simple harmonic motions, acting in the

“same” direction is given by the following
equation [33];

A= 41+ 4 +244,co5(6,-6,)

(50)

(1

where 4, 6 and 4,, 0, are the amplitudes
and phases respectively. The resultant
phase is given by the following equation
[33];

(52)

0= arctan[ A sin6, + 4, sin 6, ]

A cos6 + A4, cosb,

Since RAO is the non-dimensional motion
amplitude, the superposition of heave and
vertical component of pitch RAOs acting
in the “opposite” direction becomes as
follows;

‘HAV(we)
The above equation is for the RAO of the
absolute vertical motion at any point of the
ship in long-crested irregular head seas.
The resultant phase becomes;

=\/‘H3‘2 +‘H5V‘2 —2|H,||Hyy|cos (o — o) (53)

H.|sino, —|H.,|sino.

o,y =arctan | 3| . | 5V| > | (54)
|H3|COSO'3—|H5V|COSO'5

The absolute longitudinal, lateral

and vertical motion formulations for six
degrees of freedom are given by Lloyd [26].
For example, the RAO and the phase of the
absolute vertical motion which involves
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heave, pitch and roll motions are given by
following equations;

|HAV(a)e) =\BRi+h; (55)
P
=arctan| —* 56
O arcan{P”J (56)
where;

B, =|H,|cos oy +|H,,|cos o, —|Hyy |cos o (57)
B, =|H,| sinc, +|H,, | sinc, —|H, | sino,

If there is no roll motion, the above six
degrees of freedom formulation yields
to the Equation (53) and (54) using
appropriate trigonometric identities. The
corresponding absolute motion spectrum
can be found similar to Equation (35);

2
SAV(a)e):|HAV(wB) S(a)e) (58)
The absolute vertical velocity and
acceleration RAOs can be written as follows;
|H1,4V(a)2) :a)e HAV(a)E) (59)
|HZV (a)e) =w;|H (a)c)

The relative motion RAO and phase

formulation is also given by Lloyd [26]. For
instance, the RAO of the relative vertical
motion is as follows;

| (@)= |Ho [ 2 |H 1|  cos(o,, +0)+Z> (60)

where Q = kX cos u . For the ships in head
seas Q =—kx . The phase of the relative
vertical motion is given by the following
equation.

|HAV|sin0'AV +¢sinQ
|H 4y|cos o, +C cosQ

(61)

Oy = arctan

The time series data for the relative
vertical motion at any point of the ship can
be generated as follows;

77RV(t):773(t)_’?775(t)_§(979t)
The time series data for the absolute
and relative vertical motion velocity and

acceleration at any point (bow, midships
or stern) can be derived by differentiating

(62)

the absolute and relative vertical motion
time series data (49)&(62) once and twice
respectively.

The expressions are slightly different
for the hydroelasticity theory [32], as
investigated by Belik [1]. For the symmetric
response of ships in long-crested irregular
head seas, the RAO for the vertical
distortions of a ship section is expressed as
follows [1, 3];

=2 e ()

where x is the distance from the aft
perpendicular of the ship, p represents
the complex quantities called “principle
coordinates” and w (x) represents the
“principle mode shapes” of the symmetric
vibration. The above superposition
algorithm needs care similar to Equation
(51) and (53), since the polar form of
complex quantities has amplitudes and
phases.

The principle coordinates consist of
“rigid body” modes (r=0,1) and the
distortion modes (r =2,3,...,n) [32]. The
bodily principal coordinates for the rigid
modes are the heave and pitch motions of
the ship respectively;

(63)

=H
iy |Ls(a’8) (64)
|p1|=%sin(k|H5(a)e))
where L, is the ship’s between

perpendiculars and 4 is the wave number.
The principle mode shapes for the rigid
modes (7 =0,1) are shown in References
[1, 2, 3, 32]. Since mode shapes are a
function of x/LEP , for the rigid body modes
only, Equation (63) becomes the absolute
vertical motion similar to Equation (53).

Similar to Equation (46), the time series
data for the principle coordinates can be
generated by the following algorithm [2];

'n'{.\‘,f} = :Z:‘;: Ip{dju',_(.\']cos({u” i+ arg{pl_.‘l }+ !:",} (65)
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4. Validation

Validation of the time series of wave
elevation and all responses, including the
derived ones can be performed using the
spectral analysis technique which includes
discrete Fourier transform (DFT), and
smoothing algorithms, as explained by
Belik [1] and Newland [34].

For the spectral analysis, the time step
of the simulation should be selected as
follows [1, 34];

T
At = 5 (66)

Here o* is the “Nyquist frequency” in
radians per second, which is the highest
wave or encounter frequency used for the
generation of the time series. The time
length of the simulation with N discrete
data points becomes as follows [1];
T,=NAt (67)

The number of discrete data points
should be a power of two as a condition of
the fast Fourier transform (FFT) algorithm.
Therefore the time series data must be

extended by adding L additional zeros as
amplitude [1, 34];

N+L=2* (68)
where p is a positive integer. The extended
time length of the discrete data points with
the additional zeros becomes as follows;

T, =(N+L)At (69)

The DFT algorithm for the N+ L data
points is defined as follows [1, 34];

R 27nk
Xk:m Zn: x"eXp[_lN+L] for k=0,1,...N+L-1 (70)
Here X, is the " complex Fourier

coefficient, x _isthe n" discrete data point
of the time series, including the additional
zeros, and i is the imaginary unit of a
complex number. The above algorithm (70)
can also be performed using the built in
MATLAB commands “nextpow?2” and “fft”;

Xi= (1/2 A nextpowZ(N])*fft(xn) (71)

The corresponding circular frequency in
radians per second for the k™ coefficient is
as follows [1, 34];

2k
W, =——
TL

The DFT is valid for frequency up to the
Nyquist frequency. From Equation (66) and
(69) following relation can be written to
find the maximum value of the & [34];

L 2mkn. Ea
C(N+L)Ar At
As shown in the above equation, the

maximum value of the & for the validation
should be as follows;
P - N+L

max 2

Therefore, the DFT algorithm for the
validation is defined as follows [1, 34];

1 A& 2mnk N+L
VAT ; x,,exp(—1N+Lj for k=0,1,..., - (75)

(72)

(73)

(74)

The k" real Fourier coefficient is given
as follows [1, 34];

* 2
S, =X, X, =[x, (76)
where X, is the complex conjugate of

the X, . The ordinates of the continuous
spectral estimate are given as follows [1,

34];
S"(w,) ;Sk

Here (~v+ 1)/~ is the correction factor
for the additional zeros. The smoothing
of the spectral estimate ordinates “to
increase their statistical reliability” can be
performed with the following algorithm [1,
34];

_N+LT, (77)

_ s
S(a)k)=ﬁq;SS’(a)k+q) for k=0,1,..., N;L

where 2s+1 is the span of the smoothing
process;

(78)

2S+1:%TNﬂe :TLﬂe (79)
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Here f is the “effective bandwidth”, i.e. the

frequency interval for the smoothing
2s+1

p="7

Thedimension ofthe effective bandwidth
is Hertz (Hz), since the frequency step for
the spectral estimates in Equation (78)
is 27r/TL in radians per second, as shown
by Equation (72). Belik [1] expressed the
effective bandwidth as the following;
B, :0[22—7;}\, (0<a<l)

Here as « tends to zero the precision
of the spectral estimate in the effective
bandwidth increases. The above algorithm
(78) can also be performed using the built
in the MATLAB command “smooth with
default “moving” method”;

S(w)=smooth(S'(»), 2s+1, 'moving) (82)

In conclusion, according to Price
and Bishop [28] (cited by Belik [1]) the
“physically realizable one sided spectral
density function” is as follows;

#(w)=25 (o) (83)

For the validation, the spectral density
functions derived from time series data
with above process were compared to the
original pre-calculated spectra which were
used for the generation of the time series at
350 frequency abscissae. The time series
were generated using ITTC Two-Parameter
Spectrum at “sea-state 6” for the Northern
Hemisphere.

The long-crested irregular wave
elevation time histories generated by
Equation (26) at a fixed point and the
corresponding spectral validations are
shown in Figure 5 and Figure 6. The
maximum wave frequency, i.e. the Nyquist
frequency is 1.60 radians per second.
The length of the first time series is 5400
seconds and a =0.26. The length of the
second time series is 1800 seconds and
a =0.45. The length of the time series
and the effective bandwidth changes the

(80)

(81)

accuracy of the derived spectral density
function as Newland [34] stated. For the
further validation studies the length of each
time series is 1800 seconds and o = 0.45.
For the short-crested wave data, the spectral
validation can be performed separately for
each secondary wave direction component.
For example, the component series for
vou=0 and v-y=75 with sy-15 and
the corresponding spectral validations are
shown in Figure 7 and Figure 8 respectively.

Heave and pitch motion time history (in
long-crested seas) of a DTMB Model 5415
representing the preliminary design of the
DDG-51 hull form [35] (in forward motion
with the Froude number of 0.41), derived
from Equation (46), shown in Figure 9
and Figure 10 was validated like the wave
time history. The maximum encounter
frequency, i.e. the Nyquist frequency is
2.50 radians per second. The motion time
series in short-crested seas can also be
validated separately for each secondary
wave direction component.

The absolute vertical motion time
histories at bow and stern of a frigate
generated by Equation (49) and the
spectral validations are shown in Figure 11
and Figure 12.

5. Summary and Conclusions

In this study, the simulation-based
analysis method (a.ka. the real time
computer experiment method) of ship
motions and wave elevation was discussed
with the procedure of spectral validation.
For this purpose, visually simulated time
series of ship motions and wave elevation
were generated for the demonstration and
analysis of the pre-calculated seakeeping
results. Validation of the time series of
wave elevation and all responses, including
the derived ones were performed using
the spectral analysis technique which
includes discrete Fourier transform (DFT),
and smoothing algorithms. It is found
that this analysis method can be adapted
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Figure 5. Long-Crested Irregular Wave Time History (5400 seconds) and Spectral Validation (RMS

Amplitude = 1.25 m, Significant Amplitude = 2.5 m)
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Figure 6. Long-Crested Irregular Wave Time History (1800 seconds) and Spectral Validation (RMS

Amplitude = 1.25 m, Significant Amplitude = 2.5 m)
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Figure 7. Short Crested Irregular Wave Time History Component (for v—u=0" and v =15") and
Spectral Validation
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Figure 8. Short Crested Irregular Wave Time History Component (for v— =75 and sy =15") and
Spectral Validation
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Figure 9. The Heave Motion Time History (In Long-Crested Seas) and Spectral Validation (RMS
Amplitude = 1.12 m, Significant Amplitude = 2.24 m)
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Figure 10. The Pitch Motion Time History (In Long-Crested Seas) and Spectral Vaiidation (RMS
Amplitude = 0.0266 radians, Significant Amplitude = 0.0532 radians)
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Figure 11. The Absolute Vertical Motion Time History at Bow (In Long-Crested Seas) and Spectral
Validation (RMS Amplitude = 2.63 m, Significant Amplitude = 5.26 m)
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Validation (RMS Amplitude = 1.50 m, Significant Amplitude = 3,00 m)
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to design and validation studies for both
the naval platform itself and the systems
on board effectively. The analysis of the
simulation results provides sufficient
information about the extreme motions
and accelerations. Observation of the
deck wetness, slamming or emergence
at any location is also feasible from the
relative motion time history. Utilizing
the ship hydroelasticity theory [32], the
vertical distortion, shear force and bending
moment distribution of ship sections can be
acquired by these computer experiments.
Furthermore, the results of this study
may also be suitable for the ship-handling
simulators or helicopter landing on ship
simulations for more realistic visualization.

As indicated by Belik and Gékmen [2]
the importance of the simulation-based
analysis is its practical and innovative
nature. The desired length of time series
data for any ship response, including the
derived ones can be generated without
any cost and restrictions except the
computer performance. Comparison of the
performance of different hull forms in the
same irregular sea condition is possible
with this simulation technique. If supported
by experimental results, a database of the
responses from the different type of hull
forms can also be generated. Moreover, the
real time simulation-based analysis method
may prevent the over-design issues and
allow the refinement of the design criteria
for both the naval platform itself and the
systems on board.
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Oz

Son yillarda asimetrik bir tehdit olarak giindeme gelen deniz haydutlugu denizcilik sektériinti bir
anlamda hazirliksiz yakalamistir. Deniz haydutluguna karsi alinan énlemlerin sektér tarafindan
aranan giivenlik ihtiyacint karsilayamamasi, yeni bir olgu olarak, ézel deniz giivenlik sirketlerini éne
ctkarmistir. Bu bilgiler 1s1iginda, deniz haydutluguna karsi gemilerde silahli 6zel gemi gtivenlik personeli
bulundurulmasi ve Tiirk gemiadamlarinin bu konuya bakis agisinin tespit edilmesi amaciyla, tanimlayict
ve kismen de kegifsel bir arastirma gerceklestirilmistir. Oncelikle ézel deniz giivenlik sirketleri
konusunda gerceklestirilen literatiir taramastyla 6zel deniz giivenlik sirketi kullanimindaki faktérler
tespit edilmistir. Belirlenen faktérler dogrultusunda bir veri toplama aract (anket) gelistirilmis ve saha
arastirmastyla hipotez testlerinde kullanilacak verilere ulasilmistir. Tiirk gemiadamlarina (n=125) ait
bu veriler, t-testi ve frekans analizi gibi cesitli istatistiksel yontemlerle analiz edilmigtir. Sonug olarak
gemiadamlarinin silahli 6zel gemi gtivenlik personelini ilave bir énlem olarak gordiigt, bu personelin
gemilerde bulunmasinin siddeti arttirmayacagini diistindiigii saptanmistir. Ayrica silahlt 6zel gemi
gtivenlik personeli ile ayni gemide bulunan ve bulunmayan gemiadamlarinin bu personele bakisinda
ciddi farkliliklar oldugu saptanmigtir.

AnahtarKelimeler:OzelDeniz GlivenlikSirketleri,Silahli OzelGemiGiivenlikPersoneli,Gemiadamlari, Denizh aydutlugu.

A Study on Peception of Seafarers on Private Maritime Security Companies:
Perspective of Turkey

Abstract

Maritime piracy, as an asymmetric threat, has caught the whole maritime industry off guard. As anti-
piracy measures failed to meet the maritime industry’s desired security requirements, private maritime
security companies has risen as a new phenomenon. Noting the mentioned developments, a descriptive
and partially exploratory research conducted with the purpose of defining the use of privately contracted
armed security personnel and discovering the perceptions of Turkish seafarers on this case. Main factors
regarding the use of private maritime security companies identified with the literature review. A data
collection instrument (questionnaire) constructed and research data gathered by conducting a field
research. Data gathered from the Turkish seafarers (n=125) analyzed by various statistical methods
such as t-test and frequency analysis. In conculusion, it has been determined that the seafarers think
that the privately contracted armed security personnel is an additional measure and will not escalate
the violence onboard. It is also noted that there are serious perception differences of seafarers who
worked with privately armed security personnel and those who didn’t.

Keywords: Private Maritime Security Companies, Privately Contracted Armed Security Personnel, Sefarers, Maritime Piracy.
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1. Giris

Modern diinyada goriilen deniz
haydutlugu olaylarinin uluslararasi boyutta
endise yaratmasi sonucu ticari gemilerce
cesitli  giivenlik  o6nlemleri  alinmaya
baslanmistir. Ozellikle Somali bazli deniz
haydutlugu ile birlikte Uluslararasi
Denizcilik Orgiitii (IMO) Deniz Emniyeti
Komitesi'nin (MSC) deniz haydutlugu ile
miicadele kapsaminda yayimlamis oldugu
14 Eylil 2011 tarihli “Somali Agiklarinda
Seyreden Gemilere Karsi Girisilen Silahli
Soygun ve Deniz Haydutlugu Hakkinda
1339 Numarali Sirkiiler’in  (“MSC.1/
Circ.1339-Piracy and Armed Robbery
Against Ships In Waters Off The Coast of
Somalia”) ekinde yer alan ve Yiiksek Riskli
Bolgeden gecis yapan gemilerin isleticileri
ve kaptanlari i¢in planlama ve operasyonel
uygulamalar hakkindaki tavsiyeleri
iceren BMP4 (Best Management Practices
Against Somali Based Piracy-Version 4
August 2011), askeri deniz harekatlar,
deniz haydutluguna karsi bilgilendirme
ve raporlama sistemleri gibi bir¢cok dnlem
sektor tarafindan benimsenmistir. Deniz
haydutluguna karsi alinan bu 6nlemlerin
deniz haydutlugu olaylarin1 azaltmakla
birlikte durdurmaya yetecek glicte etki
saglayamadig1 gorilmistir[1]. Kagirilan,
saldiriya ugrayan gemi sayist ve deniz
ticaret maliyetlerinin giderek artmasi ise
gemi sahiplerinde ek giivenlik ihtiyaci
olusturmustur [2, 25]. Yasanan bu
gelismeler 1s181nda giivenlik algisi kiiresel
capta degismis ve deniz haydutluguna
karst ek bir onlem olarak “Ozel Deniz
Giivenlik  Sirketleri” (ODGS) ortaya
cikmistir. Boylece biiyiik deniz alanlarina
yayilan deniz haydutlugu saldirilarina karsi
ozel deniz giivenlik sirketleri tarafindan
ticari gemilere Silahli Ozel Gemi Giivenlik
Personeli (SOGGP)  konuslandiriimaya
baslanmistir. Basta uluslararas orgiitlerce
ve llkelerce gemilerde silahli personel
bulundurulmasina  karst c¢ikilsa da
devletlerin hiikkiim yetkisinden uzak

deniz alanlardaki gemilerin 6zel glivenlik

sirketlerince korunmasi devletler
tizerindeki  yiikleri azaltirken gemi
sahiplerinin de  giivenlik  ihtiyacim

karsilamistir [3, 4].

Ozel Deniz Giivenlik Sirketi (Private
Maritime Security Company - PMSC)
kavrami deniz alanlarinda giivenlik hizmeti
vermeye yogunlasmis ve o0Ozel gilivenlik
sirketlerinin alt kiimesinde yer alan
sirketleri tanimlamaktadir. Ozel giivenlik
sirketleri (private security company)
seklinde tanimlanan sirketler ise, silahli
ya da silahsiz sekilde, cesitli alanlarda 6zel
giivenlik ve koruma faaliyetlerinin genel
kolluktan farkl olarak kendi 6zel yasalariyla
gerceklestiren kuruluslardir [5]. Ozel deniz
giivenlik sirketlerinin ¢alisma alanlar1 olan
farkli devlet karasulari ya da acik deniz
alanlar1 géz ontinde bulunduruldugunda,
mevcut  o6zel  glvenlik  yasalarinin
olmadig1 ya da bu yasalarin uygulanabilir
olmadigi goriilmektedir Bu nedenle
ticari gemilerde ODGS hizmetlerinden
yararlanilmasi ve gemi biinyesinde SOGGP
bulundurulmasina yonelik uluslararasi
diizenlemeler  olusturulmustur.  Ancak
bu diizenlemelerin yasal anlamda bir
baglayicihigi olmamis ve ODGS hizmetlerine
dair yasalarin  gelistirilmesi  bayrak
devletlerine birakilmistir Bu nedenle
uluslararas! alanlarda ODGS hizmetlerine
dair gorilen kurallar yumusak hukuk
kapsaminda baglayiciligi olmayan
araclar seklinde ortaya c¢ikmistir [6].
Bunun ardindan ABD, Almanya, ispanya,
ingiltere gibi iilkeler gemilerde SOGGP
kullanimini kabul ederek bu uygulamay:
tilke yasalarina dahil etmislerdir. Durum
Tirkiye acisindan degerlendirildigindeyse
bu konuya iliskin diizenlemeler konusunda
diger ilkelere gore geride kalindig:
goriilmektedir. Nitekim Tirk yasalarinda
ticari gemilerin biinyelerinde ODGS'lere
baglh SOGGP bulundurmasina dair bir
diizenleme bulunmadigr goriilmektedir.
Bu durum Tirk bayrakli gemileri
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SOGGP kullanimmna bagh yasanabilecek
olumsuzluklara acik birakmakla birlikte,
gemi sahiplerini ek giivenlik dnlemleri
ile hukuksal belirsizlik arasinda bir
tercih yapmaya zorlamistir. Literatlirde
sitkca bahsedilen SOGGP kullaniminin
denizlerdeki siddeti arttirmasi ve 6zellikle
denetimsiz SOGGP’lerin gemiadamlarini
daha biiyiik tehlikeye sokmasi konusu da
burada giindeme gelmistir. Bu nedenle hali
hazirda deniz haydutlugu tehlikesiyle karsi
karsiya olan gemiadamlarinin Tiirk ticaret
gemilerinde, iilke denetiminden wuzak
SOGGP’ler ile calismasinin nasil bir etki
yarattigl sorusu arastirilmak istenmistir.

2. Literatiir Taramasi

Ulusal literatiirde deniz haydutlugu
konusunun sikca islendigi ancak 0ozel
deniz giivenlik sirketlerine dair detayh
arastirmalarin kisith kaldig1 gorilmistir.
Bu nedenle deniz haydutlugu ana konusu
altinda bir béliim olarak ODGS konusunun
islendigi arastirmalar literatiir taramasina
dahil edilmemistir. Uluslararasi literatiirde
ise 0zel deniz giivenlik sirketlerinin farkl
boyutlardan incelendigi goriilmektedir.

Berndtsson ve @stensen (2015),
Danimarka, Norve¢ ve Isve¢ ornekleri
lizerinden giderek Iskandinav iilkelerinin
ozel deniz giivenligine bakis acisini
incelemislerdir. Bu incelemeyi devletlerin
glic kullanma yetkisini devretmesi ve
glvenligin dis kaynaklar ile saglanmasi
sonucu olusabilecek asir1 giic kullanimi
gibi olumsuzlarin iizerinde durarak
gelistirmislerdir. Bunaekolarak iskandinav
tilkelerinin 6zel giivenlik politikalar ile
ozel deniz glivenlik konusunda izledikleri
tutumlar1 karsilastirarak ODGS yasalari
konusunda atilan adimlar arastirma
kapsaminda goriilmektedir [7]. Biirgin
(2014) ise, ispanya'nin deniz haydutlugu
miicadelesini ve ODGS konusunda izledigi
0zgiin yontemin yasal dayanaklarini
inceleyerek, ticari gemilerde SOGGP
bulunmasi konusu iizerinde durmustur.

Calismada ozellikle gemi sahiplerinden
gelen SOGGP kullanimu talepleri iizerinde
de durulmustur [8]. Yapilan ¢alismalarin
bir kismi bu acidan iilkelerin ODGS
tutumlarina ve yasalarina odaklanmistir.
Struwe (2012)tarafindanyapilangalismada
ise, ODGSlerin verdikleri hizmetler
incelenerek gemi sahiplerine sunulan
giivenlik dnlemleri tartisilmis ve 6zel deniz
glivenliginin deniz haydutluguna Kkarsi
miicadelede bulundugu yer arastirilmistir.
Buna gore 6zel deniz giivenliginin etkililigi
sorgulanmis ve deniz haydutluguna karsi
uzun streli bir ¢dzim olmadig ifade
edilmistir [9]. Yapilan detayll tarama
sonucu ODGS konusunda uluslararasi
literatiirde tartisilan konulardan bazilar
Tablo 1’de verilmektedir.

Genel olarak bakildiginda ise o6zel
deniz giivenligi literatiiriiniin ODGS teknik
yapisina ya da deniz haydutluguna karsi
verilen miicadeleye odaklandigi [10,
11, 12] ilke bazinda Kkarsilastirmalarla
ODGS yasalarinin tartisildig [13, 14, 15]
veya sorunun uluslararasi boyutunun
arastirlldigi [3, 16, 1] calismalar seklinde
gelistigi gorilmektedir. Bununla birlikte
cesitli c¢alismalarda gemi sahiplerinden
taleplerden bahsedilmekle birlikte
ODGS konusunun gemi sahipleri ya da
gemiadamlari agisindan degerlendirildigi
bir ¢alisma bulunmamaktadir. Ayrica
SOGGP hizmetinin artmasiyla birlikte
zaten deniz  haydutlugu nedeniyle
tehlikede olan gemiadamlarinin daha
da tehlikede kalacag: ifade edilmektedir.
Ancak bu goriis simdiye kadar herhangi
bir kanitla desteklenmemis olmakla
birlikte SOGGP ile dogrudan ayn1 gemide
calisan gemiadamlarinin bu uygulamaya
bakis acilarina dair de bir ¢alismaya
rastlanmamistir. Bu nedenle c¢alismada,
literatiirde tartisilan konular i{izerinden
bir anket gelistirilerek, gemiadamlarinin
ODGS konusuna bakis acilarinin tespit
edilmesi amaglanmistir.
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Tablo 1. Ozel Deniz Giivenlik Sirketlerinin Uluslararast Literatiire Yansimast
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Kaynak Calismalar Qlun|CE|E|=S|o|lmn|aS|h|o|x|o|B|a]|lD|a
Berndtsson ve @stensen 2015 [7] X X x| x X x| x| x| x X X
Biirgin 2014 [8] X X X X x| x| x X
Biirgin ve Schneider 2015 [13] X X X X | x X | x X
Coito 2013 [16] X X x| x X X x| x x| x
Cusumano ve Ruzza 2015 [15] X X x | x X x | x x | x X
Fitzsimmons 2013 [1] X X X X X | x X
Liss 2015 [3] X X X | x X
Mahard 2014 [14] X x| x| x| x X x| x| x| x|x
Nevers 2015 [19] X X X X X x| x| x| x|x X
Petrig 2013 [11] X X X X X | x X | x
Pizor 2012 [12] X X X X X | x X
Spearin 2014 [10] X X x| x| x x | x X X
Struwe 2012 [9] X X x| x| x| x|x X
3. Arastirmanin Amaci gemide bulunmus Tirk gemiadamlarinin
Bu c¢alismada deniz  haydutlugu yasadiklari tecriibeler sorgulanmis
Onlemlerinden biri olan ODGS ve gemilerde SOGGP  bulunmasinin
hizmetlerinden biri olan SOGGP  yaratabilecegi  olumsuzluklarin  ortaya
uygulamasinin Tiirk gemiadamlar1  ¢ikarilmasi amaglanmistir.
tarafindan incelenmesi ve Tiirk

gemiadamlarinin bu konuya karsi olan bakis
acilarinin ortaya konulmasi hedeflenmistir.
Bu kapsamda deniz haydutluguna karsi
onlem olarak ODGS'ler tarafindan ticari
gemilere konuslandirilan SOGGP ile aymi
gemide bulunmus ve bulunmamis Tiirk
gemiadamlar arasindaki algi farkliliginin
incelenmesi hedeflenmistir. Ozel deniz
glvenlik sirketleri konusunda 6ne g¢ikan
endiselerin Tiirk gemiadamlarina ne
Olclide yansidigl, Tirk gemiadamlarinin
ozel deniz giivenligini ne derece gilivenli
ve etkili buldugu arastirma kapsaminda
tartistlmisti. Son olarak SOGGP ile aym

4. Arastirmanin Yontemi

Aragtirmanin yontemi; veri toplama
aracl, 6érneklem ve kisitlar olmak tizere ii¢
boliimde incelenmektedir.

4.1. Veri Toplama Araci

Bu ¢alismada veri toplama araci olarak;
0zel deniz gilivenlik sirketleri ve silahli
0zel gemi gilivenlik personeli konularinin
gemiadamlarina  yansiyan  boyutlarini
icerdigi diistintilen degiskenlerin
bulundugu “ODGS ile ilgili genel algl” ve
“profil bilgisi” olmak iizere iki boliimden
olusan bir veri toplama araci kullanilmistir.
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Literattr taramasi sonucunda
o0zel deniz gilvenlik sirketi algisinin
degerlendirilmesine yonelik gelistirilmis
bir veri toplama aracina ulasilamamaistir. Bu
nedenle, Tiirk gemiadamlarinin 6zel deniz
giivenlik sirketi algilarinin tespit edilmesi
ve tecriibelerin ortaya konmasina yonelik
bir veri toplama araci gelistirme ihtiyaci
dogmustur. Evrenin ve incelenmek istenen
konunun yapis1 degerlendirildiginde en
uygun veri toplama aracinin anket formu
olacagi sonucuna varilmistir.

Siirecin ilk asamasinda, arastirmanin
amact dogrultusunda belirlenen “Deniz
haydutluguna karsi neden ODGS kullanimi
tercih ediliyor?”, “Tiirk gemiadamlarinin
ODGS’lere bakis acis1 nasildir?”, “SOGGP
ile calismis ve calismamis gemiadamlari
arasinda bir algi farkliligi var midir?”,

“SOGGP ile calismis gemiadamlarinin
tecriibeleri ne  ydnde  olmustur?”
arastirma sorulart kullanilarak madde

havuzu olusturulmustur. Alt sorularin
listelenmesi sirasinda, yapilan kapsamli
literatlir taramasi sonucunda elde edilen
bashklar kullanilmistir. Literatiirde ODGS
kullanimiyla ilgili devamh tartisilan ve
uluslararasi yumusak hukukta siirekli
tekrarlanan konularin tespit edilmesiyle alt
arastirma sorulari tespit edilmistir.

ikinci adimda, ODGS kullaniminda
one cikan faktorlerin Tirk gemiadamlar:
tarafindan nasil algilandigin1 incelemek
adina anket ifadeleri olusturulmustur.
Olusturulan ifade havuzundan, arastirma
sorularinin  cevaplanmasina  yardimci
olmayacak ve gemiadamlar1 tarafindan
algilanmast miimkiin olmayan olgulara
ait ifadeler elenmistir. Bu asamada anket
gelistirme siirecinin kolaylastirilmasi adina,
deniz giivenligi, 6zel giivenlik ve 6zel askeri
sirketler konusu tizerine gerceklestirilmis
ve veri toplama ydntemi olarak anket
formu kullanilmis ¢alismalar incelenmistir.
Bu calismalarda kullanilan anket formlari,
Olciilmeye calisilan degerlere uyarlanarak
referans olarak Kkullanilmistir. Kullanilan

ifadelerin yapilar1 ve o6lgmeye c¢alistig
degerlerin mevcut arastirma ile benzer
yapida olmasi, olusturulacak o6l¢egin
hazirlanmasinda kolaylik saglamistir.

Bu kapsamda, Schaub ve Franke'nin
(2010) anket yontemini kullanarak ozel
anlagmali askeri personel lizerine yaptigi
calisma, “Bu personelin kisisel 6zellikleri,
motivasyonlar1  nelerdir?”, “Geleneksel
askeri personel ile aralarindaki iliski
nasildir?” ve “Geleneksel askeri personelin
0zel anlasmasi askeri personele bakis
acis1 nasildir?”  sorularini cevaplamayi
hedeflemektedir. Calismanin 6rneklemi
asker personel ve 6zel askeri personelden
olusmaktadir [21]. Calismadaki 6zel askeri
personelin  o6zelliklerinin  sorgulandigi
ifadelerle  birlikte geleneksel askeri
personelin 6zel askeri personeli nasil
algiladigina ~ dair  olan ifadelerden
yararlanilmistir.

Cotton ve digerleri (2010) tarafindan,
ABD adina Irak’ta operasyon yiiriiten silahl
ozel askeri personel hakkindaki arastirma,
madde havuzunu olusturacak ifadelerin
yaziminda kaynak olarak kullanilmistir.
Bu calismanin o6rneklemi ABD Disisleri
Bakanlig1 personeli ve askeri personelden
olusturmaktadir. Calismada o6rneklemin
Irak’ta gérev yapmis 6zel askeri personel ile
yasadig1 tecriibeleri tespit etmeye yonelik
ifadeler iceren bir anket kullanilmistir [22].
Tiirk gemiadamlarinin SOGGP ile yasadig
tecriibelerle ilgili ifadeler olusturulurken
bu calismadan faydalanilmistir.

UNDP (2009)
gerceklestirilen
vatandaslarinin  emniyet ve gilivenlik
algilar1”  isimli ¢alismanin  arastirma
sorulari, vatandaslarin emniyet ve glivenlik
algilarini, polis davraniglarma  bakis
acilariive polisin vatandasi korumasindaki
etkisinin halk tarafindan nasil algilandigini
6lcmektedir. UNDP (2009) tarafindan
yuriitiilen ¢alisma ile mevcut arastirmanin
Olemek istedigi degerlerin benzerlik
gdstermesinden dolayy, calismadaki

kapsaminda
“Hirvatistan
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polisin vatandasi korumasindaki etkinligi
algis1 ve polise yonelik giiven algisi
Tirk gemiadamlar1 ve SOGGP’ye uygun
sekilde wuyarlanarak anketin ifadelerini
olusturmada kaynak olarak kullanilmistir
[23].

Zogo (2009) tarafindan  Trakya
Bolgesi'nde  faaliyet  gdsteren  Ozel
giivenlik sirketleri ve bu hizmeti alan
kurumlarin birbirlerine bakis acilarinin
ve memnuniyetlerinin belirlenmesi adina
yapilan ¢alismada anket yoluyla tanimlayici
veri analizi yontemi izlenmistir [24]. Mevcut
arastirmada oOl¢lilmek istenen degerlerin
Zogo'nun (2009) calismasiyla benzerlik
gostermesinden dolay;, ODGS ile ilgili
memnuniyet ve gemiadamlarinin ODGS’ye
bakis acilarini 6lgmek icin olusturulan
ifadelerde bu kaynaktan faydalanilmistir.

Olusturulan  anket formu ifade
havuzundan anlasilmasinda giiclik
cekilecek ve gemiadamlar1 tarafindan
yanitlanamayacak ifadeler elenerek
anket formunda Kkullanilacak baslica
ifadeler tespit edilmis ve taslak anket
formu gelistirilmistir. Olusturulan taslak
anket formu, sunus yazisi, profil bilgisi
ve genel algis1 ODGS ile ilgili genel algisi
olmak iizere iki bolim icermektedir.
Birinci bélimde SOGGP ile calismis ya da
calismamis farketmezsizin ankete katilan
cevaplayicilarin demografik 6zelliklerini ve
ODGS'’ye kars1 bakis acilarini lgen ifadeler
bulunmaktadir. Taslak anket formunun
ikinci béliimii ODGS ile ilgili genel algiy1
olcmeye yonelik ifadelere yer verilmistir.
ikinci boliimde kullanilan ifadeler kapali
uclu sorulardir. Kapali u¢lu sorulara aranan
yanitlar anket formunda dereceleme
yontemine  gére  verilmistir.  ikinci
bolimde, daha ¢ok tutum gibi psikolojik
ozelligi ve belirli bir konudaki gorisi
ortaya c¢ikarmada kullanilan likert tipi
derecelendirme 6lgeginde cevaplari aranan
ifadelere yer verilmistir. Kullanilan likert
olcegi, “1:Hi¢ Katilmiyorum, 5:Tamamen
Katiliyorum” seklinde olmak iizere bes

Olcek noktasindan olusmaktadir.

Taslakanketformununolusturulmasiyla,
formun kapsam ve gecerlilik agisindan
degerlendirilmesi adina uzman goriisiine
basvurulmustur. Bu amagla Dokuz Eyliil
Universitesi (DEU), Denizcilik Fakiiltesi'nde
(DF) gorevli olan bes dgretim iiyesinin
goriisleri alinmistin. Uzmanlardan ankette
bulunan ifadelerin  uygunlugunu ve
gecerliligini degerlendirilmeleri istenmistir.
Uzman degerlendirmesi sonucunda taslak
anket formunun kuram ve kapsam olarak
uygun oldugu ifade edilmistir Buna ek
olarak taslak anket formunda varsayim
ya da belirsizlik iceren ifadeler uzmanlar
tarafindan tespit edilmistir Uzmanlarin
¢ogunun tzerinde durdugu belirli ifadeler
anket formundan c¢ikarilmis ve ek ifadeler
eklenerek varsayim iceren ifadelerin dniine
gecilmistir.

Calismanin gecerlilik ve gilivenilirligini
gozleme dayali sonuglarla test etmek
amaciyla bir pilot calisma yapilmasina
karar verilmistir Bu kapsamda, pilot
calismas1 icin; DEU-DF Deniz Ulastirma
isletme Miihendisligi Bélimii son sinif
ogrencileri secilmis ve cevaplayici sayisinin
44’e ulasmasi ile pilot calismanin veri
toplama asamas1 sonlandirilmistir. Secilen
grubun Orneklem ile yakindan iliski
gostermesi, 6n uygulama calismasindan
gecerli ve giivenilir sonuglar elde etme
olasiligini arttirmistir.  Pilot c¢alismadan
elde edilen gecgerlilik ve giivenilirlik
calismalar1 1s18inda, ikinci boliimden bir
ifade ¢ikarilmistir. Anket formunun bicim
ve icerik yoniinden degerlendirilmesinden
sonra forma son hali verilmistir.

4.2. Orneklem

Calismanin  evreni, Tirk uzakyol
yeterliligine sahip gemiadamlaridir. Yapilan
incelemelerde Tirk bayrakl veya Tiirkiye
baglantih gemilerde aktif olarak c¢alisan
uzakyol yeterliligine sahip gemiadamlarinin
tam sayisina ulasilamamistir.  Buna
ek bu Tirk uzakyol yeterliligine sahip
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gemiadamlarindan kaginin deniz haydutlugu
acisindan yiiksek riskli bolgede sefer
yaptigi ya da yapacagi da net olarak
gorilememektedir  Bu asamada Sertkaya
(2015) tarafindan verilen Tirk uzakyol
yeterliligine sahip aktif tahmini gemiadami
sayis1 (10.000), UDHB, (2016) tarafindan
verilen yiiksek riskli bolgeden yillik gecis
yapan Tiirk bayrakl veya Tirkiye baglantili
gemi sayist (500) ve Ulastirma Denizcilik
ve Haberlesme Bakanligi (UDHB) (2016)
tarafindan éngériilen Tiirk gemilerinin ODGS
hizmetlerinden yararlanma oran1 (%25)
kabulleri arastirmada ortalama degerler
seklinde kullanilmistir [17, 18]. Bu nedenle
evreni temsil giici ylksek ornek kiitleyi
belirmek amaciyla yargisal ornekleme
metodunun kullanilmasina karar verilmistir.
Yargisal 6rnekleme yontemi kullanilarak en
az lUniversite mezunu ve uzakyol yeterliligine
sahip gemiadamlarina ulasilmasi, deniz
haydutlugu bolgesinde sefer yapmis veya
gelecekte sefer yapabilecek, dogrudan
SOGGP ile temas halinde bulunmus kitleye
ulagilmasini kolaylastirmis ve Kkitle icinden
secilen 6rneklemin temsilci olma niteliginin
arttirmigtir.

Anket formlar;, Oncelikle internet
ortamindan belirli tiniversitelerin denizcilik
fakiilteleri mezunlarina ulastirilmistir. Buna
ek olarak gemilerde aktif olarak calisan ve
interneterisimibulunmayan gemiadamlarina
ulasmak icin denizcilik firmalar ile irtibata
gecilmistir. Tiirk denizcilik sektoriinde 6nde
gelen, gemi sahibi ve isletmecisi firmalarin
ilgiliboliimlerinden alinan yardimlarile anket
formu ilgili gemiadamlarina ulastirilmistir.
Katilimcilardan gelen geri doniisler giinliik
olarak kontrol edilmis ve gruplar arasi
homojenligin saglanmas1 adina, yargisal
orneklem kriterleri dikkate alinarak, elden

Tablo 2. Gemiadamlarinin Temel Profil Bilgileri

birakma ve e-posta yontemleri ile belirtilen
gruplara erisimi olmayan gemiadamlarina
anket formu génderilmistir. 139 katilimcidan
geri doniis alimmasiyla uygulama asamasi
sonlandirilmistir. Anketler tizerinde yapilan
kontroller neticesinde, 139 anketten
14lintin asir1 miktarda eksik bilgi icerdigi
tespit edilmis ve analizlerde kullanilmasi
uygun goériilmemistir. Orneklem biiyiikligi

hesaplanirken  nitel degisken normal
yaklasim orneklem biyikligi saptama
formulu kullanilmistir.
. _N.P.Q Za?
Formiil n= T [1]
N: evren birim sayis;, n: Orneklem

biiytikligi, P: evrendeki X'in gézlenme orani,
Q: (1-P), X'in gozlenmeme orani, Za: o=
0,05, a=0,01 ve a=0,001 icin sirasiyla 1,96,
2,58 ve 3,28 degerleri ve d: 6rneklem hatasi
olarak verilmektedir. Tiim kosullar dikkate
alindiginda, analizlerde kullanilan 125 anket,
p= evrende SOGGP ile cahisan uzakyol zabit
orani 0,5 ve a = 0,05 icin % 8,71 érnekleme
hatas1 ile 10.000 Kisilik evreni temsil
etmektedir. Deniz haydutlugu boélgesinden
gecis yapan 500 geminin 125'inin ODGS
hizmetinden faydalandigi ve her gemide
ortalama dort uzakyol vardiya zabiti ve
ti¢ uzakyol miihendisi oldugu kabuliinden
evrendeki SOGGP ile ¢alisan uzakyol zabit
orani, p= 0,087 olarak tahmin edilmektedir.
Tim bu bilgiler 151831Inda, SOGGP ile ayni
gemide bulunmus 66 gemi adaminin p=
%8,7 ve a = 0,05 icin 10.000 Kisilik evreni
% 6,14 hata ile temsil ettigi soylenebilir.
Orneklem yontemi ve tecriibe sayisi goz
oniinde bulunduruldugunda bu sayinin
gerceklestirilecek analizler acisindan yeterli
oldugu kanisina varilmistir S6z konusu
katihimcilarin temel profil bilgileri Tablo 2’'de
ifade edilmektedir.

Say1 | Ortalama | Ortalama Deniz | SOGGP ile aynm1 gemide bulunma durumu | Katihmcilarin toplam
(n) | Yas (yil) Tecriibesi (ay) Bulunmus Bulunmams ODGS tecriibesi
125 30,68 48,50 66 59 247*

* SOGGP ile ayni gemide bulunmus gemiadami sayis1 66 olmasina ragmen ayni Kisilerin farkl zamanlarda farkh gemilerle birden
fazla kez SOGGP ile ayn1 gemide bulunmus olmalari nedeniyle 6rneklem 247 seferlik tecriibeyi géstermektedir.
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4.3. Kisitlar

Yapilan arastirmanin en onemli Kisiti;
evreni olusturan Kiitle icerisinde deniz
haydutlugu bolgesinde seyir yapan
gemiadamlarinin sayisinin bilinmemesidir.
Buna bagli olarak evrende silahl1 6zel gemi
giivenlik personeliyle tecriibe yasamis
gemiadamisayisidatespitedilememektedir.
Bu cercevede; ana kiitleyi temsil ettigi
diisiiniilenveyargisal orneklemeyontemiyle
belirlenmis olan gemiadamlarindan geri
doniis alinmaya calisiimistir. Dolayisiyla
analizler ve arastirma bulgular1 verilerin
toplandig1 o6rneklem grubuyla smirhdir.
S6z konusu geri donis sayisi, gerekli
analizlerin  yapilabilmesi icin yeterli
olmasina ragmen, kullanilabilir anket
sayisinin daha ytliksek olmasi g¢alismanin
giivenilirligini artiracaktir. Buna ek olarak
literatiirde 6zel deniz giivenlik sirketlerinin
gemiadamlarina  yansiyan  boyutunu
inceleyen bir c¢alisma  bulunmamasi
sonuglarin dogrudan karsilastirilabilecegi
bir  uygulama olmamasi  anlamina
gelmektedir. Bu nedenle bu kisithiligin
etkisini en aza indirmeKk icin derinlemesine
literatiir taramasi ve icerik analizi
yontemine gidilmis ve elde edilen sonuglar
literatiirdeki uygulamaya dayanmayan
varsayimsal gortsler ile karsilastirllmistir.
Bununla birlikte ODGS'lerin hizmet verdigi
alanlarin  devletlerin yetki alanlarinin
disinda olmasi farkli kisitlari daberaberinde
getirmistir. Yasanabilecek olas1 kazalar
ve olumsuzluklarin raporlanmamasi veya
tespit edilememesi bu kisitlardan biri
olarak degerlendirilmistir. ~ Olusturulan
anket formuyla SOGGP ile dogrudan
iletisimde bulunmus personelin
yasadigl tecrlibelerin elde edilecegi
disiiniilse de gemiadamlarinin Kkisisel
endiselerden dolay1 olumsuz tecriibeleri
bildirmekten kacginabilecegi g6z oOniinde
bulundurulmalidir. Sézii edilen kisitlarin
bu tiir ¢calismalar icin genel bir kisit oldugu
acikti. Gemiadamlarinin SOGGP ile aym
gemide bulundugu zaman arastirma

kapsamina dahil edilmemistir. S6z konusu
saha arastirmasi, 18 Aralik 2015 - 5 Subat
2016 tarihleri arasinda gercgeklestirilmistir.

5. Verilerin Analizi ve Bulgular
Arastirmanin giivenirlilikanalizi, frekans
tablolari, tanimlayic istatistik ve bagimsiz
t-testleri SPSS 21 paket programindan
faydalanilarak gerceklestirilmistir.

5.1. Giivenilirlik Analizi

Arastirmada kullanilan 6lcegin
giivenilirlik analizleri icin farkli yontemler
kullanilmistir. (25 adet degisken iceren)
Genel ODGS algis1  olgegine iliskin
giivenilirlik katsayilari; i¢ tutarhilik katsayisi
a: 0,807, Guttman: 0,880, Spearman-Brown:
0,757 olarak tespit edilmistir. Olcege ait
givenilirlik katsayilar1 (a > 0,7 olmali)
sosyal bilimler icin kabul edilir diizeydedir.
Arastirma kullanilan 6lgegin bu kabulden
yiksek olusu (a=0,807), arastirmada
yapilan dlgmenin tutarh sonuglar verecegi
beklentisini giiclendirmektedir.

5.2. Kattmalarin Ozellikleri
Ankette yer alan ifadeleri yanitlayan

katilimcilarin gemide calistiklar:
pozisyonlari, agirlikhi olarak c¢alhistiklar
gemi tipi ve bolimleri Tablo 3'te

gosterilmektedir. Tablo 3’te de goriildigi
gibi, anketi yanitlayanlarin agirlikli olarak
calistiklar1 gemi tipi % 53,6 ile (n=67)
tanker, % 38,4’lik (n=48) dilim ile de d6kme
ylk gemiler olarak goriilmektedir. Bununla
birlikte katilmcilarin % 681 (n=85)
gemilerin giiverte boliimiinde gorev aldigi,
% 32’sinin ise (n=40) makine bdliimlerinde
gorev yaptig1 goriilmektedir. Gemi tipini ve
calistigt bolimi belirtmeyen gemiadami
bulunmamaktadir. Ayrica séz konusu
gemiadamlarinin % 16,7’si (n=21) kaptan
ve % 4’1 (n=5) basmiihendis olmak iizere
uzakyol yeterliligine sahip zabitanlardan
olustugu gorillmektedir.

Anket formunun birinci bélimiinde
sadece SOGGP ile calismis gemiadamlari
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Tablo 3. Katilimci Gemiadamlarinin Demografik Ozellikleri

ODGS ile calismis ODGS ile calismamis Toplam
Gemideki Pozisyonu n Yizde,% n Yizde,% n Yizde,%
. Kaptan 16 24,2 8,5 21 16,7
. Bas Miihendis 5 7,6 - - 5 4
. Gliverte Zabiti 31 46,9 36 61,1 67 53,6
. Makine Zabiti 14 21,2 18 30,5 32 25,6
Toplam 66 100 59 100 125 100
Agirhikh Calisilan Gemi Tipi n Yiizde,% n Yiizde,% n Yiizde,%
. Dokme Yuk 31 47 17 28,9 48 38,4
. Konteyner - - 8 13,5 8 6,4
. Ro-ro - - 1 1,7 1 0,8
. Tanker 35 53 32 54,2 67 53,6
. Yolcu gemisi - - 1 1,7 1 0,8
Toplam 66 100 59 100 125 100
Boliim n Yiizde,% n Yiizde,% n Yiizde,%
e Giiverte 47 71,2 38 64,4 85 68
o Makine 19 28,8 21 35,6 40 32
Toplam 66 100 59 100 125 100

tarafindan cevaplanmasi istenen 6zel deniz
gluvenlik sirketleri ile c¢alisilan bolgeler
ve gemilerin bayraklarini inceleyen
ifadeler yer almaktadir. Tablo 4’te ODGS
ile cahsmis gemiadamlarinin ODGS ile
calistig1 bolgeler ve gemilere ait veriler
gosterilmistir. Anket formunda Dogu Afrika
Bolgesi; Afrika Boynuzu, Somali kiyilar1 ve
Aden Korfezi olarak tanimlanmistir. Ayni
sekilde Giineydogu Asya bolgesi; Gliney Cin

Denizi ve Malakka Bogazi'na ait tecriibeleri
gostermektedir.

Arastirmaya katilan 66 gemiadami
tarafindan saglanan veriler toplamda
247 tecriibelik bir veri olusturmaktadir.
Dogu Afrika bolgesinde SOGGP ile
calismis  gemiadamilarinin  tecriibesi
toplam tecriibenin % 86,3’tini (n=213)
olusturmaktadir. Bati Afrika bdlgesinde
SOGGP ile calismis gemiadami sayisi ise

Tablo 4. Katilimc Gemiadamlarinin ODGS Tecriibelerinin Bélge ve Bayrak Frekansi

Bolgeler n Yiizde,% Bayrak n Yiizde,%
Dogu Afrika 213 86,3 Tirk 28 11,3
Bat1 Afrika 20 8,1 Malta 98 39,8

Giineydogu Asya 10 4 Panama 17 6,9
Diger 4 1,6 Liberya 10 4

Marshall Adalar: 25 10,1

Belirtilmeyen 61 24,7

Toplam Tecriibe* 247 100 Toplam Tecriibe* 247 100

* SOGGP ile ayn1 gemide bulunmus katilimci sayis1 66 olmasina ragmen ayni kisilerin farkli zamanlarda farkl
gemilerle birden fazla tecriibeye sahip olmasi nedeniyle toplam tecriibe sayisi artig gostermistir.
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% 8,1'lik (n=20) dilime denk gelmektedir.  bolimii (n=28) olusturmaktadir. % 27,7’lik
SOGGP ile calisilan en fazla gemi bayraginin ~ béliim SOGGP ile cahistign gemi bayragimi
% 39,8 (n=98) ile Malta bayragi oldugu belirtmemistir.

gorilmektedir. Tiirk bayrag ise % 11,3’liik

Tablo 5. ODGS Algisi Ifadelerine Iliskin Frekans Dagilimi ve Tamimlayici Istatistikler

ODGS ile ODGS ile
ODGS ile ilgili Genel Alg ifadeleri Cahgmis Calismamig
n | Ort* | SS n | Ort* | SS n | Ort*| SS

Toplam

Deniz haydutlugu agisindan yiiksek riskli
bolgede seyir yaparken gemide SOGGP 66| 45 | 0,749 | 59| 4,07 | 1,048 | 125 | 4,3 | 0,925
olmasini tercih ederim.

Ozel deniz giivenlik sirketi tanimini duyunca

; Lo 66 | 4,27 | 0,985 | 59 | 4,27 | 1,031 | 125 | 4,27 | 1,003
aklima silahli koruma personeli gelir.

SOGGP’nin bulundugu geminin ele gecirilme

e 66 | 4,24 |1 0946 | 59| 3,86 | 0,926 | 125 | 4,06 | 0,952
ihtimali azdir.

SOGGP tehlikeleri atlatmada gemi personeli ile 66| 411 | 0,009 | 59| 381 | 1,058 | 125 | 397 | 1,031

birlikte ¢alisir.

SOGGP kaptanin emrindedir. 66 | 4,18 | 1,066 | 59| 3,68 | 1,224 | 125 | 3,94 | 1,166
SOGGP gemiyi korumada basarihdir. 66| 3941|0975 |59 3,46 | 0,953 | 125 | 3,71 | 0,99
SOGGP yasalar cercevesinde hareket eder. 66| 3,950,092 | 59| 3,42 | 1,021 | 125 | 3,7 | 1,004

SOGGP gemi personelini korumada basarihdir. | 66 | 3,82 | 0,927 | 59 | 3,47 | 0,971 | 125 | 3,66 | 0,96

ODGS$'nin sagladig giivenlik bayrak devletinin
sagladigindan daha etkilidir.

SOGGP insan haklarina saygihdir. 66| 3,74 | 1,042 | 59 | 3,41 | 1,036 | 125 | 3,58 | 1,049

ODGS deniz haydutluguna kars: etkili bir
¢ozimdur.

66| 3,68 | 1,279 [ 59| 3,46 | 1,072 | 125 | 3,58 | 1,186

66| 359132459339 1114 | 125 | 3,5 | 1,229

SOGGP gemideyken yasanan silahli

N . . 66| 3,211,376 |59 3,51 | 1,237 | 125 | 3,35 | 1,315
yaralanmadan giivenlik sirketi sorumludur.

Deniz haydutlugu tehlikesi ODGS'’ye ihtiyag

A 66| 3,391,238 (593,16 1,219 | 125 | 3,28 | 1,23
duyulmadan ¢oziilebilir.

ODG$'lerinin yayginlasmasi deniz
haydutlugunu azaltmistir.

SOGGP tiniformali olmalidir. 66| 3,02 | 1,452 |59 3,31 | 1,221 | 125 | 3,15 | 1,35
SOGGP'ninaskeripersoneldenfarklyoktur. 66| 3,031 1,289 |59 3,031,082 | 125 | 3,03 | 1,191

66| 3,27 | 1,307 | 59 | 3,08 | 1,149 | 125 | 3,18 | 1,234

Beraber ¢aligacagim SOGGP Tiirk asilli
olmalidir.

SOGGP emekli asker olmalidir. 661|282 1,211 | 59| 3,03 | 1,189 | 125 | 2,92 1,2

66 | 2,62 | 1,283 | 59 | 3,42 | 1,303 | 125 3 1,349

SOGGP’nin bulundugu gemide silahli

yaralanma ihtimali daha ytiksektir. 661259 | 1,215 | 59 | 32 | 1,256 [ 125 [ 2,88 | 1,267

SOGGP’nin bulundugu gemiye deniz

haydutlarinca ates agilma ihtimali daha 66| 2,24 | 1,241 | 59| 2,86 | 1,344 | 125 | 2,53 | 1,323
ylksektir.

ODGS bagh oldugu devleti temsil eder. 66| 2,211,234 59| 2,73 | 1,157 | 125 | 2,46 | 1,221
SOGGP’nin silah kullanmast tehlikeyi arttirir. 662,18 | 1,188 | 59| 2,66 | 1,346 | 125 | 2,4 | 1,283
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Tablo 5. ODGS Algisi Ifadelerine iliskin Frekans Dagilimi ve Tamimlayici Istatistikler (Cont’)

ODGS ile ODGS ile
.. . . Toplam
ODGS ile Ilgili Genel Alg: ifadeleri Cahsmis Calismamig
n | Ort* [ SS n | Ort* | SS n |Ort*| SS

SOGGP“demZ haydutlarina karsi gereginden 66| 224 | 1,124 | 59 | 252 | 1,104 | 125 | 237 | 1,110
fazla gii¢ kullanmaktadir.
(e}g(rerrude silahli personel olmasi beni rahatsiz 66| 201 | 1,129 | 59| 274 | 1,396 | 125 | 236 | 131
Gemide SOGGP varken bagka giivenlik 6nlemi 66| 208 | 1281 | 59| 21 | 1213 | 125 | 2,00 | 1,244
almaya gerek yoktur.

*5-aralikli Likert 6l¢egi- 1:Kesinlikle Katilmiyorum, 5:Kesinlikle Katiliyorum

5.3. Degiskenlerin Frekans Dagilimi ve
Tanimlayic istatistikler

Anket formunun ikinci béliimiinde yer
alan ifadelerin tiim katilimcilar tarafindan
yanitlanmasi istenmistir. Bolim, 06zel
deniz gilivenlik sirketi ile ilgili genel algiy1
O0lgmeye yonelik ifadeler icermektedir. 25
ifadeden olusan olcegin, ortalama (ort.)
ve standart sapma (SS) degerleri ortalama
siralamasina gore Tablo 5’te gosterilmistir.

Cevaplayicilarin  en fazla katilim
(Ort=4,3) gosterdikleri ifade “Deniz
haydutlugu agisindan yiiksek  riskli

bolgede seyir yaparken gemide SOGGP
olmasini tercih ederim.” ifadesi olmustur.
ODGS ile calismis gemiadamlarinin en
fazla katihm gosterdigi ifade de ayni
ifadedir (Ort=4,5). ODGS ile calismamis
gemiadamlarinin en yiiksek katilim orani
(Ort=4,27) gosterdigi ifade ise “Ozel deniz
glvenlik sirketi tanimini duyunca aklima
silahli koruma personeli gelir” ifadesi
olmustur. Cevaplayicilarin en disiik katilim
(Ort=2,09) gosterdikleri ifade “Gemide
SOGGP varken baska giivenlik 6nlemi
almaya gerek yoktur” ifadesi olmustur.
ODGS ile calismamis gemiadamlar1 en
diisiik katihm gosterdigi ifade “Gemide
SOGGP varken baska giivenlik 6nlemi
almaya gerek yoktur” iken (Ort=2,01),
ODGS ile calismis personelin en diisiik
katilim orami (Ort=2,01) gosterdigi ifade
“Gemide silahli personel olmasi beni
rahatsiz eder.” olmustur.

5.4. Hipotez Testleri
Ankette yer alan 25 ifadeye uygulanan

analizler sonucunda asagidaki ii¢ ana

hipotez test edilmistir:

. leOzeldenizgﬁvenliksirketiile9a11§m1§
ve calismamis Tirk gemiadamlarinin,
o0zel deniz giivenlik sirketi algilar:
arasinda anlaml bir farklilik vardir.

e H,: Agirhkli olarak dokme ytik tipi gemi
ile tanker tipi gemilerde calisan Tiirk
gemiadamlarinin, 6zel deniz giivenlik
sirketi algilar1 arasinda anlamli bir
farklilik vardir.

e H,:Gemileringiiverte bolimiinde ¢aligan
Tiirk gemiadamlari ile gemilerin makine
boliimiinde c¢alisan gemiadamlarinin,
0zel deniz giivenlik sirketi algilar:
arasinda anlamli bir farklilik vardir.
H, H, ve H, hipotezlerinin test

edilmesi amaciyla anket formunun ikinci

bolimiinde yer alan olgek seklindeki
degiskenler kullanilmistir. Bu baglamda,

H, H, H, hipotezlerinin test edilmesi

amaciyla bagimsiz gruplarda t-testi analizi

gerceklestirilmistir.

T-testi sosyal bilimlerin bir¢ok alaninda;
bagimsiz iki grup arasinda anlamli bir
farkliligin olup olmadigini, incelenen bir
degisken agisindan bir gruba ait ortalama
degerin ongoriilen degerden farkli olup
olmadigin1 test etmeyi amagclayan bir
analiz yontemidir [20]. T-testi ile gruplar
arasindaki farkin istatistiksel olarak
anlaml ya da rastlantisal oldugunu tespit
etmekte miimkin olmaktadir. Bununla
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birlikte t-testi hesaplamalarinda bagimsiz
iki grubun arasinda varyans farkinin olup
olmadigina da dikkat edilmektedir [20].
Bu nedenle test gruplari arasinda Levene
testi ile varyans esitligi hesaplamalari
gerceklestirilmistir.

Bu bilgiler 1s1ginda gerceklestirilen
t-testi ile analiz edilen H, H, ve H,
hipotezleri iki bagimsiz grup arasindaki,
ozel deniz giivenlik sirketi algisini dlgen,
olcek tipindeki (5-aralikli Likert olcegi-
1:Kesinlikle ~Katilmiyorum, 5:Kesinlikle
Katiliyorum) degiskenlere verilen yanitlarin
ortalamalar1 arasindaki anlamh farkliliklar
lizerine kurulmustur. Yirttilen arastirma
cercevesinde sifir hipotezlerinin kabul ve
reddedilmesi asamasinda anlamlilik diizeyi
0,05 olarak kabul edilmistir. Bu anlamlilik
diizeyi, analiz  sonucunda  bulunan
ortalama degerin % 95 olasilikla evrene
ait ortalama deger araligini temsil ettigini
gostermektedir. Analiz sonucunda elden
edilen P degerine bagh olarak, anlamlilik
diizeyinin ~ (Asymptotic  Significance)
P<0,05 oldugu durumlarda H, hipotezi
reddedilmistir. Anlamlilik diizeyinin P>0,05
oldugu durumlar da ise HO hipotezi kabul
edilmistir.

Bagimsiz t-testi sonuclarina gore;
ODGS ile calismis ve ODGS ile calismamis
Tirk gemiadamlarinin  ODGS algilar
acisindan  anlamhi  farkhiliklar  oldugu
tespit edilmistir. S6z konusu hipotezi (H1
hipotezi) desteklemek amaciyla toplam 25

Tablo 6. H, Hipotezini Destekleyen Ifadeler

ifade belirlenmis ve karsilastirmalar “ODGS
ile calismis” ile “ODGS ile calismamis”
arasinda gerceklestirilmistir. S6z konusu
gruplar arasinda, anlamhi farkhlik tespit
edilmis ve desteklenmis ifadeler Tablo 6’da
verilmektedir.

Buna gore; 2 numarali ifade icin Levene
testi anlamlilik dizeyinin (sig.) 0,05
degerinin altinda oldugu (0,004) ve bu iki
grubun varyanslarinin farkli oldugu tespit
edilmistir. Varyanslarin denk olmamasi
durumunda t-testi anlamlilik diizeyinin
kabul edilen anlamhlik diizeyinden
(0,05) kiiciik oldugu goriilmektedir
(p=0,002). Bu nedenle “Ozel deniz giivenlik
sirketi ile calismis ve c¢alismamis Tiirk
gemiadamlarinin, gemide silahli personel
olmasindan duyduklari rahatsizlik
algilarinin ortalamalar1 arasinda anlaml
bir farklilik vardir” ifadesi kabul edilmistir.

8 numarall ifade icin Levene testi
anlamhlik diizeyinin (sig.) 0,05 degerinin
tizerinde oldugu (0,819) ve bu iki grubun
varyanslarinin denk oldugu tespit edilmistir.
Varyanslarin denk olmasi durumunda
t-testi anlamlilik diizeyinin kabul edilen
anlamlhilik diizeyinden (0,05) ki¢iik oldugu
goriilmektedir (p=0,006). Bu nedenle
“Ozel deniz giivenlik sirketi ile calismis
ve c¢alismamis Tirk gemiadamlarinin,
SOGGP’'nin gemiyi korumadaki basar1
algilari arasinda anlaml bir farklilik vardir”
ifadesi kabul edilmistir.

ifade - « | Levene p

No Degiskenler Gruplar n | Ort. (Sig.) F (Sig)
ide si ODGS ile calismis | 66 | 2,01

2 Gemide silahli personel - 0,004 | 8535 | 0,002
bulunmasindan duyulan rahatsizhk [ §pGs ile cahismamus | 59 | 2,74
) ODGS ile galismis | 66 | 3,94

8 SOGGP’nin gemiyi koruma basarisi - 0,819 0,53 | 0,006
ODGS ile galismamis | 59 | 3,46
5GGPni i ini ODGS ile calismis | 66 | 3,82

9 SOGGP’nin gemi personelini koruma . 0,790 0,71 | 0,045
bagarisi ODGS ile gahgmamis | 59 | 3,47
i su boloesi j ODGS ile calismis | 66 | 4,50

10 Denlz.hayfiu_tlugu bolgesmdej SOGGP _ 0,148 211 | 0,000
ile birlikte ¢alisma tercihi ODGS ile calismamus | 59 | 4,07
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Tablo 6. H, Hipotezini Destekleyen Ifadeler (Cont’)

ifade .. Levene p

*

No Degiskenler Gruplar n | Ort. Gig) F (Sig)
ADGSin bas 5 ; ; ODGS ile calismis | 66 | 2,21

12 ODG$’nin bagh oldug.u devleti temsil . 0,736 011 | 0,018
etmesi ODGS ile galismamis | 59 | 2,73
5GGP nin Tii ODGS ile calismis | 66 | 2,62

14 Beraber calisilan SOGGP'nin Tiirk - 0932 | 0,007 | 0,001
asilli olmasi ODGS ile gahigmamus | 59 | 3,42
5GGP ni ; ODGS ile galismis | 66 | 3,95

17 SOGGP n}lln yal:alar (;er(,‘.evesmde - 0,071 332 | 0,003
areket etmesi ODGS ile galismamus | 59 | 3,42
. ODGS ile calismis | 66 | 4,18

18 SOGGP’nin kaptanin emrinde olmasi - 0,128 2,34 | 0,015
ODGS ile ¢galismamis | 59 | 3,68
0 "nin si ODGS ile calismis | 66 | 2,18

21 SOGGP nin sﬂa\.h kullanmasinin - 0,057 368 | 0,037
tehlikeyi artirmasi ODGS ile gahgmamis | 59 | 2,66
5GGPni 5 ide si ODGS ile calismis | 66 | 2,59

22 SOGGP’nin bu?un‘dugg gemide silahli - 0905 | 0,014 | 0,007
yaralanma ihtimali fazla olmasi ODGS ile calismamus | 59 | 3,20
SOGGP’nin bulundugu gemiye deniz ODGS ile galismis 66 | 2,24

24 haydutlarinca ates agilma ihtimalinin | ] 0,799 0,065 | 0,008
daha yiiksek olmast ODGS ile ¢galismamis | 59 | 2,86
5GGP ni 5 ini ODGS ile calismis | 66 | 4,24

25 SOGG.P.nm l?ul}mdlllg.u geminin ele . 0,632 | 0,230 0,026
gecirilme ihtimalinin az olmasi ODGS ile calismamus | 59 | 3,86

*5-aralikli Likert 6lgegi- 1:Kesinlikle Katilmiyorum, 5:Kesinlikle Katiliyorum

9 numaral ifade icin Levene testi
anlamlilik diizeyinin (sig.) 0,05 degerinin
tizerinde oldugu (0,790) ve bu iki grubun
varyanslarinin denk oldugu tespit edilmistir.
Varyanslarin denk olmasi durumunda
t-testi anlamlilik diizeyinin kabul edilen
anlamlilik diizeyinden (0,05) kii¢iik oldugu
goriilmektedir (p=0,045). Bu nedenle
“Ozel deniz giivenlik sirketi ile calismis
ve c¢alismamis Tiirk gemiadamlarinin,
SOGGP’'nin gemi personelini korumadaki
basari algilar1 arasinda anlaml bir farklilik
vardir” ifadesi kabul edilmistir.

10 numaral ifade i¢in Levene testi
anlamlilik diizeyinin (sig.) 0,05 degerinin
tizerinde oldugu (0,148) ve bu iki grubun
varyanslarinin denk oldugu tespit edilmistir.
Varyanslarin denk olmasi durumunda
t-testi anlamlilik diizeyinin kabul edilen
anlamlilik diizeyinden (0,05) kii¢iik oldugu
goriilmektedir (p=0,009). Bu nedenle
“Ozel deniz giivenlik sirketi ile calismis ve
calismamis Tirk gemiadamlariin, deniz

haydutlugu acisindan yiiksek riskli bolgede
seyir yaparken gemide SOGGP bulunmasi
tercihleri arasinda anlamli bir farklilik
vardir” ifadesi kabul edilmistir.

12 numaral ifade igin Levene testi
anlamlilik diizeyinin (sig.) 0,05 degerinin
iizerinde oldugu (0,736) ve bu iki grubun
varyanslarinin denk oldugu tespit edilmistir.
Varyanslarin denk olmasi durumunda
t-testi anlamlilik diizeyinin kabul edilen
anlamlhilik diizeyinden (0,05) ki¢iik oldugu
goriilmektedir (p=0,018). Bu nedenle
“Ozel deniz giivenlik sirketi ile calismis
ve c¢alismamis Tirk gemiadamlarinin,
ODGS$'nin bagh oldugu devleti temsil etmesi
yoniindeki algilar1 arasinda anlamli bir
farklilik vardir” ifadesi kabul edilmistir.

14 numaral ifade igin Levene testi
anlamlilik diizeyinin (sig.) 0,05 degerinin
iizerinde oldugu (0,932) ve bu iki grubun
varyanslarinin denk oldugu tespit edilmistir.
Varyanslarin denk olmasi durumunda
t-testi anlamlilik diizeyinin kabul edilen
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anlamlilik diizeyinden (0,05) kii¢iik oldugu
gorilmektedir (p=0,001). Bu nedenle
“Ozel deniz giivenlik sirketi ile calismis ve
¢alismamis Tiirk gemiadamlarinin, beraber
calisacaklar1 SOGGP’nin Tiirk asilli olmasi
yoniindeki algilar1 arasinda bir farklilik
vardir” ifadesi kabul edilmistir.

17 numaral ifade icin Levene testi
anlamhlik diizeyinin (sig.) 0,05 degerinin
tizerinde oldugu (0,071) ve bu iki grubun
varyanslarinin denk oldugu tespit edilmistir.
Varyanslarin denk olmasi durumunda
t-testi anlamlilik diizeyinin kabul edilen
anlamhilik diizeyinden (0,05) kii¢iik oldugu
gorilmektedir (p=0,003). Bu nedenle
“Ozel deniz giivenlik sirketi ile calismis
ve c¢alismamis Tiirk gemiadamlarinin,
SOGGP’nin yasalar cercevesinde hareket
ettigi yoniindeki algilar1 arasinda bir
farklilik vardir” ifadesi kabul edilmistir.

18 numarali ifade icin Levene testi
anlamhlik diizeyinin (sig.) 0,05 degerinin
tizerinde oldugu (0,128) ve bu iki grubun
varyanslarinin denk oldugu tespit edilmistir.
Varyanslarin denk olmasi durumunda
t-testi anlamlilik diizeyinin kabul edilen
anlamlilik diizeyinden (0,05) kii¢iik oldugu
gortilmektedir (p=0,015). Bu nedenle
“Ozel deniz giivenlik sirketi ile calismis
ve c¢alismamis Tiirk gemiadamlarinin,
SOGGP'nin gemi kaptaninin emrinde
oldugu yoniindeki algilar1 arasinda bir
farklilik vardir” ifadesi kabul edilmistir.

21 numarali ifade icin Levene testi
anlamhlik diizeyinin (sig.) 0,05 degerinin
tizerinde oldugu (0,057) ve bu iki grubun
varyanslarinin denk oldugu tespit edilmistir.
Varyanslarin denk olmasi durumunda
t-testi anlamlilik diizeyinin kabul edilen
anlamlilik diizeyinden (0,05) kii¢iik oldugu
gorilmektedir (p= 0,037). Bu nedenle
“Ozel deniz giivenlik sirketi ile calismis
ve c¢alismamis Tiirk gemiadamlarinin,
SOGGP’'nin silah kullanmasinin tehlikeyi
arttirdigl yoniindeki algilar1 arasinda bir
farklilik vardir” ifadesi kabul edilmistir.

22 numarali ifade icin Levene testi

anlamhlik diizeyinin (sig.) 0,05 degerinin
iizerinde oldugu (0,905) ve bu iki grubun
varyanslarinin denk oldugu tespit edilmistir.
Varyanslarin denk olmasi durumunda
t-testi anlamlilik diizeyinin kabul edilen
anlamlhilik diizeyinden (0,05) kii¢iik oldugu
goriilmektedir (p=0,007). Bu nedenle
“Ozel deniz giivenlik sirketi ile calismis
ve c¢alismamis Tirk gemiadamlarinin,
SOGGP’'nin bulundugu gemideki silahl
yaralanma ihtimalinin artmasi ydniindeki
algilar1 arasinda bir farklilik vardir” ifadesi
kabul edilmistir.

24 numarali ifade icin Levene testi
anlamhlik diizeyinin (sig.) 0,05 degerinin
iizerinde oldugu (0,799) ve bu iki grubun
varyanslarinin denk oldugu tespit edilmistir.
Varyanslarin denk olmasi durumunda
t-testi anlamlilik diizeyinin kabul edilen
anlamhlik diizeyinden (0,05) ki¢iik oldugu
goriilmektedir (p=0,008). Bu nedenle
“Ozel deniz giivenlik sirketi ile calismis
ve c¢alismamis Tirk gemiadamlarinin,
SOGGP’'nin  bulundugu gemiye deniz
haydutlar1 tarafindan ates agilma ihtimali
daha yiiksek olmasi yoniindeki algilar:
arasinda bir farkhilik vardir” ifadesi kabul
edilmistir.

25 numarali ifade icin Levene testi
anlamhlik diizeyinin (sig.) 0,05 degerinin
iizerinde oldugu (0,632) ve bu iki grubun
varyanslarinin denk oldugu tespit edilmistir.
Varyanslarin denk olmasi durumunda
t-testi anlamlilik diizeyinin kabul edilen
anlamhilik diizeyinden (0,05) ki¢iik oldugu
goriilmektedir (p=0,026). Bu nedenle
“Ozel deniz giivenlik sirketi ile calismis
ve c¢alismamis Tirk gemiadamlarinin,
SOGGP’'nin  bulundugu geminin ele
gecirilme ihtimalinin az olmasi yoniindeki
algilar1 arasinda bir farklilik vardir” ifadesi
kabul edilmistir.

Bagimsiz t-testi sonuglarina gore;
agirlikli olarak dokme yik tipi gemide
calisan Tirk gemiadamlar1 ile agirlikh
olarak tanker tipi gemide c¢alisan Tiirk
gemiadamlarinin 6zel deniz giivenlik sirketi
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algilar1 arasinda anlamh farkhiliklar oldugu
tespit edilmigtir. S6z konusu hipotezi (H,
hipotezi) desteklemek amaciyla toplam
25 ifade belirlenmis ve karsilastirmalar
“agirlikli olarak dokme yiik tipi gemide
calisan” ile “agirlikhi olarak tanker tipi
gemide ¢alisan” Tirk gemiadamlari
arasinda gerceklestirilmistir. S6z konusu
gruplar arasinda, anlamh farkhlik tespit
edilmis ifadeler Tablo 7’de verilmektedir.

Buna gore; 1 numarali ifade i¢in Levene
testi anlamhlik dizeyinin (sig.) 0,05
degerinin altinda oldugu (0,018) ve bu iki
grubun varyanslarinin farkli oldugu tespit
edilmistir. Varyanslarin denk olmamasi
durumunda t-testi anlamlilik diizeyinin
kabul edilen anlamhlik diizeyinden (0,05)
kiiciik oldugu goriilmektedir (p=0,004). Bu
nedenle “Dokme yiik tipi gemi ile tanker tipi
gemilerde calisan Tirk gemiadamlarinin,
0zel deniz giivenlik sirketi tanimin silahl
giivenlik personeli ile iliskilendirmeleri
arasinda anlaml bir farklilik vardir” ifadesi
kabul edilmistir.

4 numaral ifade icin Levene testi
anlamhlik diizeyinin (sig.) 0,05 degerinin
tizerinde oldugu (0,561) ve bu iki grubun
varyanslarinin  denk  oldugu tespit
edilmistir.  Varyanslarin denk olmasi
durumunda t-testi anlamlilik diizeyinin
kabul edilen anlamhlik diizeyinden (0,05)

gemilerde calisan Tiirk gemiadamlarinin,
ODGS tarafindan saglanan giivenligi, bayrak
devletinin sagladigindan daha etkili olarak
algilamalar1 arasinda anlamli bir farklilik
vardir” ifadesi kabul edilmistir.

12 numaral ifade igin Levene testi
anlamhlik diizeyinin (sig.) 0,05 degerinin
altinda oldugu (0,006) ve bu iki grubun
varyanslarinin ~ farkli  oldugu tespit
edilmistir. Varyanslarin denk olmamasi
durumunda t-testi anlamlilik diizeyinin
kabul edilen anlamhlik diizeyinden (0,05)
kiciik oldugu goriilmektedir (p=0,003). Bu
nedenle “Dokme yiik tipi gemi ile tanker tipi
gemilerde calisan Tiirk gemiadamlarinin,
ODGS$’nin bagh oldugu devleti temsil etmesi
yoniindeki algilar1 arasinda anlamli bir
farklilik vardir” kabul edilmistir.

14 numaral ifade igin Levene testi
anlamhlik diizeyinin (sig.) 0,05 degerinin
iizerinde oldugu (0,195) ve bu iki grubun
varyanslarinin ~ denk  oldugu tespit
edilmistir.  Varyanslarin denk olmasi
durumunda t-testi anlamlilik diizeyinin
kabul edilen anlamhlik diizeyinden (0,05)
kiiciik oldugu goriilmektedir (p=0,002). Bu
nedenle “Dokme yiik tipi gemi ile tanker tipi
gemilerde calisan Tiirk gemiadamlarinin,
beraber calisacaklar1 SOGGP'nin Tiirk asill
olmasi yoniindeki algilar1 arasinda bir
farklilik vardir” ifadesi kabul edilmistir.

kiiciik oldugu goriilmektedir (p=0,035). Bu Bagimsiz t-testi sonuglarina gore;
nedenle “Dokme yiik tipi gemi ile tanker tipi ~ gemilerin giiverte bolimiinde ¢alisan
Tablo 7. H, Hipotezini Destekleyen Ifadeler
ifade » « | Levene p
No Degiskenler Gruplar n | Ort. (Sig.) F (Sig)
0 i o ik si i i Dokme Yik | 48| 4,60
1 Oze} dem.z glivenlik .$1.I'keit.1 ta'nlml.m.n sﬂabll 0,018 577 | 0,004
glivenlik personeli ile iliskilendirilmesi Tanker 67| 4,13
0 "hin sasladisl oii i Dokme Yik | 48| 3,90
4 OQG§ mnusaglevldlgl giivenlik b'fl}./rak 0,561 034 | 0,035
devletinin sagladigindan daha etkili olmasi Tanker 67| 3,43
. Dokme Yik | 48| 2,00
12 ODG$’nin bagh oldugu devleti temsil etmesi 0,006 7,93 | 0,003
Tanker 67 | 2,66
0 "nin Tii Dokme Yik |48 | 2,52
14 Beraber ¢alisilan SOGGP’nin Tiirk asilli 0,195 1,69 | 0,002
olmast Tanker 67 | 330

*5-aralikli Likert 6l¢egi- 1:Kesinlikle Katilmiyorum, 5:Kesinlikle Katiliyorum
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gemiadamlart ile gemilerin makine
boélimiinde ¢alisan gemiadamlarinin, 6zel
deniz giivenlik sirketi algilar1 arasinda
anlamh farkliliklar tespit edilmistir. So6z
konusu hipotezi (H3 hipotezi) desteklemek
amaciyla toplam 25 ifade belirlenmis ve
karsilastirmalar “giiverte” ile “makine”
boliimlerinde calisan gemiadamlari
arasinda gerceklestirilmistir. S6z konusu
gruplar arasinda, anlamh farkhlik tespit
edilmis ifadeler Tablo 8’de verilmistir.

7 numarali ifade igin Levene testi
anlamhlik diizeyinin (sig.) 0,05 degerinin
tizerinde oldugu (0,339) ve bu iki grubun
varyanslarinin denk oldugu tespit edilmistir.
Varyanslarin denk olmasi durumunda
t-testi anlamlilik diizeyinin kabul edilen
anlamhilik diizeyinden (0,05) kii¢iik oldugu
gortilmektedir (p=0,006). Bu nedenle
“Gemilerin giliverte departmaninda ¢alisan
Tirk gemiadamlar ile gemilerin makine
departmaninda ¢alisan gemiadamlarinin
ODGS’lerin yayginlagsmasinin deniz
haydutlugunu azalttigl yoniindeki algilar:
arasinda anlaml bir farklilik vardir” ifadesi
kabul edilmistir.

8 numarall ifade icin Levene testi
anlamhlik diizeyinin (sig.) 0,05 degerinin
tizerinde oldugu (0,225) ve bu iki grubun
varyanslarinin denk oldugu tespit edilmistir.
Varyanslarin denk olmasi durumunda
t-testi anlamlilik diizeyinin kabul edilen
anlamlilik diizeyinden (0,05) kii¢iik oldugu

Tablo 8. H, Hipotezini Destekleyen Ifadeler

goriilmektedir (p=0,013). Bu nedenle
“Gemilerin giliverte departmaninda ¢alisan
Tirk gemiadamlar: ile gemilerin makine
departmaninda ¢alisan gemiadamlarinin
SOGGP’'nin gemiyi korumadaki bagarisi
algilari arasinda anlaml bir farklilik vardir”
ifadesi kabul edilmistir.

10 numarali ifade igin Levene testi
anlamhlik diizeyinin (sig.) 0,05 degerinin
iizerinde oldugu (0,814) ve bu iki grubun
varyanslarinin denk oldugu tespit edilmistir.
Varyanslarin denk olmasi durumunda
t-testi anlamlilik diizeyinin kabul edilen
anlamlhilik diizeyinden (0,05) ki¢iik oldugu
goriilmektedir (p=0,041). Bu nedenle
“Gemilerin giliverte departmaninda ¢alisan
Tirk gemiadamlar: ile gemilerin makine
departmaninda ¢alisan gemiadamlarinin
deniz haydutlugu agisindan yiiksek riskli
bélgede seyir yaparken gemide SOGGP
bulunmasi tercihleri arasinda anlamli bir
farklilik vardir” ifadesi kabul edilmistir.

18 numarali ifade igin Levene testi
anlamhlik diizeyinin (sig.) 0,05 degerinin
iizerinde oldugu (0,817) ve bu iki grubun
varyanslarinin denk oldugu tespit edilmistir.
Varyanslarin denk olmasi durumunda
t-testi anlamlilik diizeyinin kabul edilen
anlamlhilik diizeyinden (0,05) ki¢iik oldugu
goriilmektedir (p=0,007). Bu nedenle
“Gemilerin giliverte departmaninda ¢alisan
Tirk gemiadamlar: ile gemilerin makine
departmaninda ¢alisan gemiadamlarinin

ifade

.. Levene p

*

No Degiskenler Gruplar n | Ort. (Sig.) F (Sig)
A Narini i Gliverte 85| 3,39

7 ODGS$’lerinin yayglnla$m351n1n deniz 0,339 0,92 | 0,006
haydutlugunu azaltmasi Makine 40| 2,75
. Gliverte 85| 3,87

8 SOGGP’nin gemiyi koruma basarisi 0,255 1,30 | 0,013
Makine 40| 3,38
; 51 bo i 0 i Gliverte 85| 4,41

10 Deniz hay.du.tlugu bolgesmde: SOGGP ile 0,814 0,05 | 0,041
birlikte ¢alisma tercihi Makine 40| 4,05
. Gliverte 85| 4,14

18 SOGGP’nin kaptanin emrinde olmasi 0,817 0,54 | 0,007
Makine 40| 3,52

*5-aralikh Likert 6l¢egi- 1:Kesinlikle Katilmiyorum, 5:Kesinlikle Katiliyorum
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SOGGP’nin kaptanin emrinde olmasi algilar1
arasinda anlaml bir farklilik vardir” ifadesi
kabul edilmistir.

6. Sonuclar

ODGS iizerine yapilan literatiir taramasi
bu sirketler tarafindan sunulan SOGGP
uygulamasinin en ¢ok tercih edilen dnlem
oldugunu ortaya cikarmistir. Oyle Ki,
glinimiiz  diinyasinda, ODGS kavrami
neredeyse SOGGP uygulamas ile anilmaya
baslamistir  Ancak bu  uygulamanin
bir agidan gemilerin silahlandirilmasi
anlamina gelmesi, denizcilik sektoriinde
kaygilarin olusmasina neden olmustur.
ODGS’lerin  denizcilik  sektériine hizh
girisi ve sunduklar1 hizmet konusunda
yasal dayanaklarim bulunmamasi da bu
endiselerin artmasina yol agmistir Bu
endiseler genel olarak, gemilerin SOGGP
personeli ile konuslandirilmasi sonucu
denizlerde siddetin artmasi, insan haklari
ve yasa ihlallerinin artmasi, yetkilerin ve
glic kullanma tekelinin 6zel kurumlara

devredilmesi, silahlarin ulkeler arasi
dolasimi  ve bu uygulamanin deniz
haydutlugunu  bastirmadaki  etkililigi
konularinda yogunlasmistir  Tim bu

kaygilar 6zel deniz gilivenligi konusunda
olumsuz bir alginin olusmasina neden
olmustur. Buna ragmen ODGSlerin Tiirk
denizcilik sirketlerince tercih edildigi, Tiirk
bayrakli veya Tiirkiye baglantilh gemilerde
deniz haydutluguna karsi bir 6nlem olarak
yer almaya devam ettigi gorilmiistir.

Bulgular kapsaminda ilk o6ne c¢ikan
durum, SOGGP ile agirlikli olarak ¢alisilan
bolgenin Dogu Afrika oldugudur. Bu durum,
ODGS’lerin Somalibazli denizhaydutluguyla
ylikseldigini dogrular niteliktedir. Bat1 Hint
Okyanusu’ndan sonra SOGGP ile en cok
calisilan bolgeler Bati Afrika ve Giineydogu
Asya olarak goriilmektedir. Bu bulguy,
ODGS’lerin, deniz haydutlugu saldirilarinin
daha sik yasandigi bolgelerde tercih
edildigini gdstermektedir.

Frekans analizlerinde en yiiksek

ortalama degerine sahip degisken, “Deniz
haydutlugu acisindan yiiksek riskli bolgede
seyir yaparken gemide SOGGP olmasim
tercih ederim.” ifadesi olmustur. SOGGP
ile calismis veya calismamis olsun her
iki grup tarafindan da bu ifadeye yiiksek
katilim gosterilmesi Tiirk gemiadamlarinin,
6zel deniz gilivenligini deniz haydutlugu
saldirillarina  karst  etkili  buldugunu
gostermektedir. Daha sonraki yiiksek
katilimin gozlemlendigi diger ifade ise
literatirde de goze carpan bir unsur olan
ODGS’lerin SOGGP hizmeti ile anilmasi
konusunda goriilmiistii. Gemiadamlari
“Ozel deniz giivenlik sirketi tanimini duyunca
aklima silahli koruma personeli gelir”
ifadesine yiliksek katilim gostererek bu
konudaki algiy1 dogrulamislardir. En disiik
katilim gosterilen degisken ise “Gemide
SOGGP varken baska giivenlik énlemi
almaya gerek yoktur” ifadesi olmustur.
Bu bulgu, uluslararasi orgiitlerin devaml
tizerinde durdugu, ticari gemilerde SOGGP
kullaniminin ancak tiim giivenlik 6nlemleri
alindiktan sonra degerlendirilmesi
goriisi ile ortiismektedir. Bu agidan Tiirk
gemiadamlarimin ODGS’leri ek bir énlem
olarak gordiigii savunulabilir.

Literatiirde devamli olarak tartisiimis
olan, SOGGP’'nin siddeti ve tehlikeyi
arttirmasikonusundadagemiadamlarindan
degerlendirme yapmalar1 istenmistir. Bu
kapsamda sunulan “SOGGP’nin bulundugu
gemide silahli yaralanma ihtimali daha
yiiksektir” “SOGGP’nin bulundugu gemiye
deniz haydutlarinca ates agilma ihtimali
daha yiiksektir.” “SOGGP’nin silah kullanmast
tehlikeyi arttirir” “SOGGP deniz haydutlarina
kars1 gereginden fazla gii¢ kullanmaktadir.”
ifadelerine Tiirk gemiadamlarinin disiik
katilim gosterdigi gozlemlenmistir. Bu
bulgu, gemiadamlarinin “SOGGP’nin siddeti
arttiracagl” konusundaki bakis acisinin
literatiirde iddia edilenden daha farklh bir
yapida oldugunu ortaya koymustur. Ayrica
bulgular c¢ercevesinde; gemiadamlarinin
deniz haydutlugu bolgesinde seyir yaparken
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gemide SOGGP olmasini tercih etmeleri,
SOGGP’'nin gemiyi ve gemi personelini
korumada basarili oldugunu ifade etmeleri,
SOGGP'nin siddeti arttiracagl ifadesini,
gemiadamlari agisindan cliriitmektedir.
Arastirmada, SOGGP ile calismis ve
calismamis Tirk gemiadamlarinin, ozel
deniz giivenlik sirketi algilar1 arasinda

anlamhi  farkhiliklar  tespit edilmistir.
Bulgular c¢ervesinde SOGGP ile aym
gemide bulunmus personelin “gemide

silahli personel bulunmasindan duydugu
rahatsizlik” oraninin daha az oldugu ortaya
koyulmustur. Buna ek olarak “SOGGP’nin
gemiyi ve gemi personelini korumadaki
bagsarist” konusundaki ifadelere ODGS ile
calismis gemiadamlari daha ytiksek katilim
gostermisti.  Ayrica  “SOGGP’nin  silah
kullanmasinin tehlikeyi, silahli yaralanmayi
ve siddeti arttirmast” yoniindeki ifadelerde
de ODGS ile calismis gemiadamlarinin
daha dusiik katilim oranina sahip oldugu
gozlemlenmistir. Bu bulgular SOGGP ile
ayni gemide bulunmanin gemiadamlarinin
giivenlik algis1 agisindan pozitif yonli bir
etki yarattigini géstermektedir. SOGGP ile
ayni gemide bulunmamis gemiadamlarinin
bu uygulamay1 daha tehlikeli gordigi
ancak SOGGP ile ayn1 gemide bulunduktan
sonra bu konudaki goriislerin olumlu bir
sekilde degistigi ortadadir.

Ayrica SOGGP ile calismis gemiadamlari
“SOGGP’nin  kaptanin emrinde olmasr”
ve “yasalar cercevesinde hareket etmesi”
konularina  SOGGP  ile  calismayan
gemiadamlarindan daha olumlu
yaklasmiglardir. Bu durum SOGGP ile
calisan  gemiadamlarinin,  SOGGP’nin
uygulamalar1 konusunda daha net bir
gorlise sahip oldugunu gostermektedir.
Bu nedenle “Deniz haydutlugu bélgesinde
SOGGP ile birlikte calisma tercihi” ve
“SOGGP’nin bulundugu geminin ele gecirilme
ihtimalinin azalmast” yoniindeki ifadeleri
SOGGP ile c¢alismis gemiadamlarinin
daha  yiksek oranda desteklemesi
anlamhilik kazanmistir. Anlamlh farklilik

tespit edilen ifadeler, SOGGP ile calisan
gemiadamlarinda, ODGS etkililigi algisinin
daha yiiksek oldugunu gostermektedir.
Bu acidan bakildiginda, SOGGP ile aym
gemide bulunmanin ve bu personelin
operasyonlarini gerceklestirmelerine sahit
olmanin, gemiadamlar1 algis1 {izerinde
olumlu bir etki yarattifi sonucuna
ulagilmaktadir.

Tanker tipi gemilerin tagidiklari yiiklerin
ve sahip olduklari prosediirlerin dokme yiik
tipi gemilerden emniyet acisindan yogun
olmasi durumunun gemide silahli personel
bulunmasina etki edecegi diisiiniilmustir.
Nitekim literatirde SOGGP’lerin deniz
haydutlar1 ile silahli bir c¢atismay1
tetikleyebilecegi ve bu durumun tanker
tipi gemiler icin yikici sonuclari olacagi
ifade edilmistir. Buna ek olarak iki tip gemi
arasindaki freeboard farkliliklar1 ve belirli
deniz haydutlugu onlemlerinin tankerler
acisindan uygulama zorluklarina yol agmasi
(gemi etrafina elektrikli tel désenmesi
gibi) disiiniildigiinde, agirlikhh olarak
tanker tipi gemide c¢alisan gemiadamlari
ile dokme yik tipi gemide c¢alisan
gemiadamlar1 arasinda ODGS etkililigi
ve tehlikenin artmasi konusunda anlamh
farkliliklarin saptanacagl diistintilmistir.
Her ne kadar H, hipotezi desteklenmis ve
bu gruplar arasinda anlaml farkhiliklar
tespit edilmis olsa da, bu farkliliklar ODGS
etkililigi konusunda degildir. Bu nedenle
yukarida bahsedilen faktdrlerin ve tanker
tipi gemilerin deniz haydutluguna karsi
dezavantajmin ODGS algis1 konusundaki
etkisinin sinirh kaldigi ifade edilebilir.

Son olarak giiverte ile makine
bolimlerinde gorev alan gemiadamlarinin
ODGS algilar arasinda anlaml
farkliliklar  tespit edilmistir. ~ Giiverte
bolimlerinde gorev alan gemiadamlari
“ODGS’lerin yayginlasmasinin deniz
haydutlugunu  azaltmast”,  “SOGGP’nin
gemiyi koruma basarisr”, “Deniz

haydutlugu bélgesinde SOGGP ile birlikte
calisma tercihi” ve “SOGGP’nin kaptanin
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emrinde olmast” konularina konusuna
makine departmaninda goérev  alan
gemiadamlarindan daha ¢ok katiim
gostermislerdir. Bahsi gecen bulgulara
ragmen makine boliimiinde gorev alan
gemiadami sayisinin sinirli  olmasi  ve
iki grup arast varyans farkliliklarinin
gozlemlenmesi, ciktilarin daha detayl bir
incelemesine izin vermemektedir.

Arastirmanin bulgulari arasinda ek bir
cikarim olarak, Tiirk bayrakli gemilerce
SOGGP  uygulamasindan yararlamldig
ortaya koyulmustur. Bu a¢idan bakildiginda
Tirkiye, 6zel deniz giivenligi ile ilgili bir
hareket plan1 belirlemede oldukca gec
kalmistir. Gelecek yillarda yasanabilecek
giivenlik tehditlerine karsi gemilerin 6zel
deniz giivenligi kullanma sikliklarinin
artmas1 ile o6zel glvenlik konusunda
politikas1 olmayan tlkeler bu duruma
hazirliksiz yakalanacaktir.

lleride gerceklestirilecek calismalarda

gemilere  konuslandirilan ~ SOGGP’nin
milliyetinin uzerinde durulmasi,
incelemelerin gemi bayraklarinin  ve
ilgili ~ llke  prosedirlerinin  dikkate

alimarak gergeklestirilmesi bu c¢alismada
deginilemeyen noktalara 1s1k tutacaktir.
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Abstract

Ships may encounter undesirable conditions during operations. In consequence of a casualty, fire,
explosion, flooding, grounding, injury even death may occur. Besides, these results can be avoidable
with precautions and preventive operating processes. In maritime transportation, casualties depend
on various factors. These were listed as misuse of the engine equipment and tools, defective machinery
or equipment, inadequacy of operational procedure and measure of safety and force majeure effects.
Casualty reports which were published in Australia, New Zealand, United Kingdom, Canada and
United States until 2015 were examined and the probable causes and consequences of casualties were
determined with their occurrence percentages. In this study, 89 marine investigation reports regarding
engine room casualties were analyzed. Casualty factors were analyzed with their frequency percentages
and also their main causes were constructed. This study aims to investigate engine room based casualties,
frequency of each casualty type and main causes by using decision tree method.

Keywords: Decision Tree Analysis, Engine Room, Marine Casualties.
Karar Agaci Metodu ile Gemi Makine Dairesi Kazalarinin Analizi

Oz

Gemiler, operasyonlar! sirasinda istenmeyen kosullar ve kazalarla karsilasabilirler. Kaza sonucu
gemilerde yangin, patlama, su alma, karaya oturma, yaralanma ve diger hasarlar meydana gelebilir.
Ancak, 6nlemler ve énleyici islemler ile bu sonuclar engellenebilir. Deniz tasimaciliginda kaza sonucu
ortaya c¢tkan kayiplar cesitli faktérlere baghdir. Kazaya sebep olan faktdrler, makine ve techizatinin
yanlis kullanimi veya arizali olmasi, operasyonel prosediirlerin ve emniyet tedbirlerinin yetersizligi ve
onlenemeyen miicbir sebeplerin ortaya ¢ikmast olarak kabul edilebilir. Bu calismada, 2015 yilina kadar
Avustralya, Yeni Zelanda, Birlesik Krallik, Kanada ve Amerika Birlesik Devletleri’nde yayinlanan kaza
raporlar incelenmis ve makine dairesi ile ilgili 89 adet kazay1 olusturan faktérler, kazalarin olusum
stkliklar1 ve kék sebepleri belirlenmistir. Bu ¢calismanin amaci, incelenen makine dairesi kazalarinin,
olusum sikliklart ve kok sebeplerini, Karar Agact yontemi kullanarak degerlendirmek ve literatiirdeki
boslugu doldurmaktir.

Anahtar Kelimeler: Karar Agact Analizi, Makine Dairesi, Denizcilik Kazalari
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1. Introduction

A marine casualty can occur due to an
event or combination of some events. In the
literature, marine casualties are separated
into two categories; one is ‘casualty with a
ship’ which is related to the ship, equipment
or cargo and the other is ‘occupational
casualty’ which is the result of human
factors [1].

Figure 1. Human Factor
Source: International Maritime Organization
(IM0) [2]

IMO classifies the human factors as
personal effects, ship effects, working
space and living conditions, organization
on board, company management, external
and environmental effects [2].

A considerable amount of literature has
beenpublished oninvestigation of maritime
casualties. These studies were mainly
based on one of the casualty types [3, 4,
5], main causes of any casualty types [6, 7,
8] or finding out the relationship between
ship types or cargo types and casualty
types [9, 10, 11]. For instance, Roberts et.
al [12], investigated all casualty types in
dry bulk ships, Chauvin et. al [13] studied
human factors in maritime casualties,
Pedersen [14] attempted to analyze
grounding and collision casualties. Barnett
[15] revealed main causes of maritime
casualties and Akten [16] analyzed
casualties in Istanbul Strait. In addition,
several studies attempted to investigate
risk concept in maritime industry and
used various methodologies to make a
risk assessment. There is a large volume of

published literature on both investigating
casualties and analyzing risk concept in
maritime industry. However, there are very
few studies that examine ship engine room
casualties and its root causes. Yifenget et. al
[17] analyzed fire and explosion casualties
occurred in engine room of dual fuel ships
by using fault tree analysis method and
Adamkiewicz and Fydrych [18] studied
risk analysis in maintenance of ship power
system. Thus, there is not a great deal of
previous research about ships’ engine
room casualty analysis. This study aims to
fill a gap in the literature and to investigate
engine room based casualties, frequency of
each casualty type and root causes of each
engine room casualty by using decision
tree method.

EMSA statistics also[1] give additional
data about ship casualties’ location around
the world. The coast of the United Kingdom
is the area where most ship casualties
occurred in Europe and the USA's and
Canada’s are the Americas’, and Australia’s
and New Zealand’s are the Australia
Continent’s most casualty happening areas.

For this purpose, this study was divided
into four parts. The first part deals with
general information about maritime
casualties, previous studies about both
maritime and specifically engine room
casualties and originality of the study. The
second part details sample selection and
describes the methods of analyzing the
casualty investigation reports. The third
part gives results and findings according to
the analysis of reports. Finally, the fourth
and last part indicates the analyses that are
discussed in the conclusion.

2. Data Collection Process and
Methodology

Engine room (E.R) is a crucial area for
ship operations since propulsion, power
generation, fuel, lubricating oil, cooling
& heating systems, exhaust gas, starting,
bilge and ballast, ventilation, cargo (for

60



Saatcioglu et al./ JEMS, 2017; 5(1): 59-68

Figure 2. Global Distribution of Casualty Location Between 2011-2013
Source: European Maritime Safety Agency (EMSA) [1]

liquid cargo) and domestic (fresh water /
sea water / waste) systems are located in
the engine room [19]. One or more system
malfunctions may end in catastrophic

consequences.

The Marine Casualty Investigators’
International Forum (MAIIF) is an
international  non-profit  organization

dedicated to the advancement of maritime
safety and the prevention of marine
pollution through the exchange of ideas,
experiences and information acquired
in marine casualty investigation [20].
Ship casualty reports were reached from
MAIIF [21] database and Global Integrated
Shipping Information System (GISIS) [22].
Then, the reports which were related to
engine room and consisted “engine room”
as phrase in full text of reports were filtered.
The engine room casualty reports selection
was finalized with the help of Mendeley.
That is a very common data analysis
program for content classification. In
consequence of the selection of the ship E.R
casualty criterion in Mendeley, the top five

countries which have the most E.R casualty
quantities were defined as the United
States, the United Kingdom, New Zealand,
Australia and Canada. These selected engine
room reports were examined in terms of
causes, consequences and frequencies.
There were not any constraints on ship
type casualties of all ships’ E.R reported by
the United States (17 reports) the United
Kingdom (16 reports), New Zealand (13
reports), Australia (26 reports) and Canada
(17 reports) and they were analyzed with
their results. Table 1 indicates the number
of casualty reports published online and
the number of reports related to engine
room of selected countries. In addition, due
to the fact that all published reports are
not adequately detailed, only the reports
which detail the casualty and consequences
clearly are considered. Thus, the rate of
engine room casualty reports to the all
casualty reports may not be accurate.

The causes of the engine room casualties
determined by filtering the causes which
may be related to engine room were among
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Table 1. Casualty Report Analysis of Selected Countries

Casualty Reports
Country Institution Website Casualty Reports about Engine
Room
. Australian Transport | http://www.atsb.gov.
Australia Safety Bureau au/ [23] 213 26
Transportation Safety http://www.tsb.
Canada Board of Canada gc.ca/ [24] 368 17
New Zealand Transport . .
New Zealand | Casualty Investigation http://www.taic.org. 207 13
. nz/ [25]
Commission
United Marine Casualty https://www.gov.uk/ 529 16
Kingdom Investigation Branch maib-reports [26]
National Transportation http:/o/vv;v[vzv;]ntsb.
United States Safety Board g
. 269 17
of America https://www.uscg
US Coastguard mil/ [28]

Source: Gathered by authors

the findings of Baker and Seah study [29]
in which main causes were classified
according to the United Kingdom Marine
Casualty Investigation Branch (MAIB) [30],
Transportation Safety Board Canada (TSB
Canada) [31] and Australian Transportation
Safety Board [32] casualty investigation
reports. Therefore, determined reasons of
engine room casualties are given in Figure
3. The Figure 3 was drawn in Microsoft
Visio 2013 which is a commonly used
diagram drawing software. There are some
acronyms to reduce the size of this figure.
These are M/E is for main engine, A/E
stands for auxiliary engine and L/O is for
lubrication oil. Furthermore, particular data
of the ships were collected from reports in
order to categorize vessels according to
the casualty type of the ship, classification
society, flag state, IMO number, deadweight
tonnage (DWT)and built year information
which gave us statistical findings about 89
casualties surveyed.

In consideration of grouping engine
room casualty reasons, a decision tree was
generated. Decision tree is a technique to
make decisions [33] and representations

of a decision procedure for determining the
group of each possibility. Decision trees are
a well-known algorithm for classification
problems [34] and this method is used to
analyze reasons of casualty frequencies.
Each step of a decision tree specifies a
subgroup [35]. It is also a common method
to determine the relationship between
observed and quantified data to build a
mathematical model [36]. In this paper
a decision tree is generated to analyze
and group reasons of ships’ engine room
casualties.

3. Results and Discussion

The data, collected from Casualty
Investigation Reports, were organized
and counted. Moreover, statistics of these
data were sorted, and report number per
country, report date, flag state, ship type,
build year, ship classification society and
DWT range distributions were obtained.
Besides, the decision tree analysis was
organized according to the results of the

reports.
Table 2 demonstrates the date
distribution of casualties. Dates are
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categorized asbeforeand after01/01/2002,
since 2002 is the ISM (International
Safety Management) Code, which is
related to standardization of marine safe
management, operation and pollution and
entry into force date. 43.82% of casualties
are before 01/01/2002 and 56.18% of
them are after 01/01/2002.

In the Table 3, distribution of
classification societies was demonstrated.
According to this table, there are twenty
nine (32.58%) Lloyd’s Register classed
ships which had engine room casualty.
However, twenty seven (30.34%) of vessels’
classification society were not remarked in
casualty investigation reports. Canadian

ENGINE ROOM CASUALTIES

| }

Inadequacy of  Misuse of the
Operational Engine
Procedure and Equipment
Measure of and Tools
Safety Misuse, faulty
Failure of complying inspection, and
rules and regulations faulty
maintenance of
Carslessness/Neglect M/E
Failure of implying Misuse, faulty
preventive inspection, and
maintenance faulty
maintenance of
Broken or faulty AJE

equipment usage
Misuze and faulty

Exceeding service inspection of Fuel

conditions

Defective Force Unable

Machinery Majeure to
o Heavy weather LO€ate
Equipment condiions the
SteeringGear Casualties  CAUSe Of
Design Flaws  happened Casualty
despite ofall

Ens!ne Roorn measurements
Deslii thaws are taken

and L/O
Ship crew did not
follow the standard :Ermmr:_ﬁ::;“:] 7
procedure and duties Faultyeisgpestion
Deficiency of of them
controlling and 9

3 Misuse, faulty

olgaIvEHdIToraLip inspection, and
e faulty

Inadequacy of
asgignment reporting

malntenance of
electric equipment

Incorrect fire fighting
Lack of training

Inadequate Safety
Measures

Figure 3. Categories of Engine Room Casualties
Source: Gathered by authors from [29-32]

Table 2. Date Distribution

Casualties .

reported Quantity v
Before 01

January 2002 39 43.82
After 01

January 2002 50 5618

Source: Gathered by authors from [23-28]

and Australian authorities did not record

ship classification society information
properly.
Table 4 illustrates the flag state

distribution of ships. The number of
American flagged ships is sixteen (17.98%),
Canadian flagged ships’ number is fifteen
(16.85%), and Australian flagged ships’
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number is thirteen (14.61%). These three

countries are the top flag states.

Table 4. Flag State Distribution (Cont’)

Saudi Arabia 1 1.12
Table 3. Classification Society Distribution St Vincent 1 112
: P UK 11 12.36
Shl].) Classification Quantity %
Society USA 16 17.98
LR (Lloyd's Register) 29 32.58 N/A 1 1.12
GL (Germanischer Lloyd) 3 3.37 Total examined 89 100
DNV (Det Norske Veritas) 10 11.24 report number
ABS (American Bureau of Source: Gathered by authors from [23-28]
o 10 11.24
Shipping)
Nippon Kaiji (Japan Lloyd) 2 2.25 According to the literature review
BV (Bureau Veritas) 5 5.62 which was done in the subject of marine
Polish Register 1 112 casualties, causes of engine room casualties
were classified and their percentages were
TCMSS (Transport .
Canada Marine Safety and 1 112 deduced as a result of the analysis on
Security) casualty investigation reports of selected
TC (Type Certification) 1 112 countries. 89 engine room casualties
N/A py 2034 werg examined {md thelr. reason§ Were
. obtained. According to this examination,
IzﬁLi’iammed report 89 100 the rate of each category was designated,

Source: Gathered by authors from [23-28]

Table 4. Flag State Distribution

disheibution | Quantty %

Barbuca 2 225
Australia 13 14.61
Bahamas 4 4.49
Barbados 1 1.12
Canada 15 16.85
Cyprus 2 2.25
France 1 1.12
Hong Kong 3 3.37
Liberia 2 2.25
?;Ilaarjg:‘“ 1 112
Netherlands 2 2.25
New Zealand 9 10.11
Panama 4 4.49

organized and shown in a decision tree
which was drawn by using Microsoft Visio
2013. Decision tree provides an alternative
tool for designation and illustration of the
causes of engine room casualties. There
are two ratios near subheadings. The
ratio between parentheses (before the
subheading) represents the rate of the
subtitle in its group. The other ratio shown
at the right side of the subheading is the
rate of the title in all casualties. In Figure 4,
the decision tree analysis is illustrated.
Inadequacy of Operational Procedure
and Measure of Safety’ are the leading

heading with 65.283%. Among the
subheadings, ‘Carelessness/Neglect’ has
the highest ratio (19.565%). Besides,

12.183% of all casualties are caused by
carelessness and neglect. Moreover, ‘Failure
of implying preventive maintenance’,
‘Failure of complying rules and regulations’,
‘Inadequate Safety Measures’ and ‘Lack
of training’ are the following subheadings
in this part. As you can see, the last four
subheadings are about following the
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procedures established by companies,
surveys or maritime institutions. As a result
of these ratios, it can be said that preventing
omission and following rules have a high
impact on avoiding engine room casualties.

(32.812% of the group). The most common
example of this cause is fuel leakages which
cause fires frequently. It can be said that
the ship crew should be trained to handle
pressurized pipes and fittings to reduce

Inadequacy (0.19565) Carelessness / Neglect 0.12183
of (0.16184) Failure of implying preventive maintenance 0.10566
Operau'ﬂnal Eﬂ,lz 138% IFaiI:re of m;?mﬂﬁ rules and regulations ;I::?::
| 0.10982) Inadequate Safety Measures 1
¥ a:;ﬁﬂuﬁm 7 (0.10404) Lack of training 006792
of Safety (0.09248) Ship crew did not follow the standard procedure 0.06037
(0.08092) Deficiency of controlling and observation of crew 0.05283
0.65283 (0.0578) Exceeding service conditions 00377
(0.03468) Broken or faulty equipment usage 0.02264
(0.0289) Incorrect fire fighting 0.01886
Misuse of the (0.01156) Inadequacy of assignment reporting and handover 0.00754
Engine
Equipment (0.32812) Pipe and fitting faults misuse and faulty inspection of them  0.07924
and Tools (0.26562) Misuse, faulty inspection, and faulty maintenance of A/E 0.06415
- (0.25) Misuse, faulty inspection, and faulty maintenance of M/E 0.06037
02415 (0.125) Misuse, Faulty inspection, and faulty e of electric equiy 0.03018
[0.01562) Misuse and faulty inspection of Fuel and L/0 0.00377
ENGINE Def?ctwe
ooy | Machineryor - (91304) Engine Room Design Flaws 007924
CASUALTIES "1 i "{0.08695) Steering Gear Design Flaws 0.00754
0.08679
Force

L, Majeure | (0:666) Heavy weather conditions 000754
0.01132 (0.333) Casualtiess happened despite of all measurements are taken  0.00377

Unable to

Locate the

Cause of

Casualty

0.00754

Figure 4. Decision Tree Analysis of Engine Room Casualties

Source: Gathered by authors from [23-32]

The second heading is ‘Misuse of the
Engine Equipment and Tools’ with 24.15%.
‘Pipe and fitting faults misuse and faulty
inspection of them’ has the highest rate

these types of casualties. ‘Misuse, faulty
inspection, and faulty maintenance A/E’
and ‘Misuse, faulty inspection, and faulty
maintenance M/E’ have near ratios. Main

65



© UCTEA The Chamber of Marine Engineers

Journal of ETA Maritime Science

causes of these types of casualties are
mostly because of inexperienced ship staff
and the solution is education of the staff
more accurately. The first and the second
headings cover the human errors and its
total rate is 90.433% which is remarkably
a high value. The importance of education
was mentioned above. In addition to
high human error factor, other crucial
main causes are fatigue and excessive
workload. Hence, crew’s working hours are
journalized and these results show that it
is crucial to supervise these records more
strictly.

The third heading is ‘Defective
Machinery or Equipment’ with 8.679%
and “Engine Room Design Flaws” has the
rate of 91.304% in this group. The other
subheading is “Design Flaws of the Steering
Gear” with 8.679%. These results show us
the importance of the ship design process.
Designers should consider the operating
conditions at the design phase to ease the
operation and to avoid casualties. Moreover,
it is seen that manufacturers are obligated
to provide understandable and adequate
instruction books for their equipment.
Besides, approximately eight percent of
casualties in this group occurred due to
steering gear breakdowns. Especially, it is
seen that collision and grounding casualties
could have been prevented with better
maintenance and design of steering gear.

In this analysis, ‘Force Majeure’ heading
takes the fourth place with 1.132% and
the last one is ‘Unable to Locate the
Cause of Casualty’ heading with 0.754%.
There are only three casualties under the
‘Force Majeure’ heading and two of them
occurred because of the heavy weather
conditions. Even the voyage plans of ships
included weather conditions, in these two
casualties, ships experienced unexpected
heavy weather conditions. Hence, they lived
through engine room casualties. In the other
casualty in this group, it is reported that, all
measurements were taken yet the casualty

occurred. There are also two casualties
whose reasons could not be identified.

4. Conclusion

The present study was designed to
determine main causes of ship engine
room casualties by using decision tree
analysis method. For this purpose,
casualty investigation reports of engine
room casualties were categorized and
five  selected countries’ reports were
investigated to determine the causes of
engine room accidents. Finally, a decision
tree was generated to analyze and group
reasons of ships’ engine room accidents.
Occurrence frequencies of main causes of
accidents showed all rates and rankings of
headings and subheadings. This analysis
demonstrated some significant outputs for
further studies about frequency.

The most obvious finding to emerge
from this study is that human factor is
crucial for safety of engine room operation.
According to the findings, 90.433% of all
engine room accidents were caused due
to human error. Main causes of human
errors were mainly lack of training and
experience, fatigue and excessive workload.
The second major finding was high
percentage of accidents occurred because
of design and manufacturing defects. Also,
the importance of adequate instruction
books can be seen in the finding.

These findings have significant
implications for the understanding of why
engine room casualties occur. A key strength
of the present study was to contribute to the
literature which is missing in examination
of ship engine room casualties. The method
used to analyze engine room casualties in
this study may be applied to other maritime
casualty investigation analysis studies.
Although the current study is based on
a small sample of casualty investigation
reports, the findings can be used to explain
other engine room accidents.

Despite the fact that a large number of
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marine casualties occur all over the world,
only a low percentage of these casualties
was reported and published online. Thus,
a small amount of casualty investigation
reports published online could be analyzed.
Therefore, it is the major limitation of this
study. On the other hand, due to the fact
that published reports were not adequately
detailed, only the reports which detail the
casualty and consequences clearly were
considered. In addition, five countries which
have the greatest number of published
reports available online on their official
websites were selected to investigate.
Because of all these limitations, only 89
reports from 5 countries were investigated
in the study.

In further studies, research which
consists of more casualty investigation
reports from different countries may be
conducted. This situation can help us
with testing and correcting the results of
the study. In addition, the method used
in the study can be developed via using
an algorithm, and a full decision making
mechanism can be established.

The findings of this study have a number
of important implications for future
practice. There are a number of important
improvements which need to be made
to decrease casualty occurrence in ships’
engine room. For instance, once the results
of the study were examined, it was seen
that the majority of the problems arising
from human error was based on fatigue and
excessive work intensity. Thus, the audits
on the working hours of human resources
working in the maritime industry need to
be tightened. Another reason for casualties
caused by human error is due to lack of
education and failure to comply with the
regulations. In order to find a solution to
this situation, it is necessary to make the
trainings more disciplined and to impose
safety culture on the ships’ crew. Finally,
it is seen that a considerable amount of
engine room casualties are caused by

design flaws. In order to solve this problem,
the ideas of the operators should be taken
into consideration in the design phase and
the design process should be followed in a
more systematic way.
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Abstract

In this theoretical work, the ideal vapor-compression cycle using Refrigerant-134a (Tetrafluoroethane,
a chlorine free refrigerant) is studied considering an evaporator pressure range of 100-200 kPa and a
condenser pressure range of 0.8-1.6 MPa. The all four states of the thermodynamic cycle are calculated
for a great number of conditions within the above pressure ranges. Thermodynamic properties of the
refrigerant R-134a are evaluated using curve fitting polynomials. The deviations of the values generated
from fitting curves from the actual tabulated data is less than 0.5%. Results are represented in a graph
of COP vs. evaporator pressure for various condenser pressures. The results of this study is believed to be
a quick reference especially for designers and engineering students.

Keywords: Thermodynamics, Refrigeration, Vapor-Compression, Refrigerant-134a.
R-134 Kullanan Sogutma Sistemleri icin Pratik Hesaplama Araci

Oz

Bu teorik calismada R-134a (Tetrafloretan, klor icermeyen bir sogutucu akiskan) kullanilan buhar
stkistirmalt sogutma gevrimi 100-200 kPa buharlastirma basinci araliginda, 0.8-1.6 MPa yogusturucu
basinct araliginda olmak lizere incelenmigstir. Termodinamik ¢evrimin ddért asamast bu basing
araliklarinda detayli olarak hesaplanmistir. R-134a sogutucu akiskaninin termodinamik ozellikleri
egri uydurma polinomlart kullanilarak bulunmugstur. Bu egrilerden elde edilen degerlerin tablo
degerlerinden sapmast %0.5'ten kiigiiktiir. Sonuglar farkli yogusturucu basinglart icin buharlastirma
basincina karst COP degerleri olarak sunulmustur. Bu calismanin sonuglarinin ozellikle sogutma sistemi
tasarimcilari ve miihendislik 6grencileri icin pratik bir hesaplama araci olacagi dederlendirilmektedir.

Anahtar Kelimeler: Termodinamik, Sogutma, Buhar-Sikistirmali, Sogutucu R-134a.

Nomenclature

cop coefficient of performance defined as @, /W
enthalpy, k] /kg

pressure, kPa or MPa

heat absorbed or rejected per kg of refrigerant, k] /kg
entropy, k] /kg-°C

temperature, °C

specific volume, m3/kg

work (done on) per kg of refrigerant, k] /kg
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Greek Symbols:

n isentropic efficiency of compressor
Subscripts:

cond condenser

evap evaporator

f liquid phase

g gaseous phase

H high, denoting to condenser

in added in, as in compressor work
L low, denoting to evaporator

sat saturation

1. Introduction

According to Encyclopedia Britannica,
refrigeration is a process where heat
is removed from an enclosed space or
from a substance in order to lower its
temperature. Refrigeration is primarily
used for storing food at low temperatures
in order to prevent the adverse effects of
bacteria, yeast, and mold in the developed
nations and rich regions in the developing
world. Many products can be frozen by
permitting them to be preserved for very
long time periods with negligible loss in
initial properties. Air conditioning has also
become a commonly used refrigeration
technique in industrialized nations [1].

US Environmental Agency explains
refrigeration and air conditioning systems
typically using a refrigerant in a vapor
compression cycle as devices for cooling
and/or dehumidifying a substance or
space, like a refrigerator cabinet, room,
office building, or warehouse. Systems
of refrigeration and air conditioning
are chillers, commercial ice machines,
household refrigerators and freezers,
ice skating rinks, industrial process air-
conditioning units, industrial process
refrigeration systems, motor vehicle air
conditioning, non-mechanical heat transfer
systems, residential and light commercial
air conditioning and heat pumps, residential
dehumidifiers, refrigerated transport, retail
food refrigeration, very low temperature
refrigeration and water coolers [2].

An important issue about refrigeration
systems is that they are one of the main

sources of energy consumption which is a
vital factor in environmental concerns. As
dictated by Kyoto Protocol, participating
countries are to decrease carbon emissions
due to the combustion of hydrocarbon
content fuels in the energy plants. This
approach has also brought about the
necessity building more energy efficient
ships. One of the components that consume
energy in shipsis HVAC (Heating, Ventilating
and Air Conditioning refrigeration)
systems. By optimizing the condenser
outlet temperature as main parameter for
compressor speed adjustment, an energy
saving potential is calculated to be viable
[3].

All liquids boil and condense at
distinct temperatures that depend on
their pressures. All physical changes
occur within the limits of their freezing
points and critical temperatures. During
the boiling the liquid must absorb the
latent heat of evaporation and during the
condensing the absorbed latent heat must
be rejected again. The basic refrigeration
cycle utilizes the boiling and condensing of
arefrigerant at different temperatures or in
other words, at different pressures. Heat is
added in the fluid at the lower temperature
and pressure and provides the latent heat
to cause it to boil and to change to a vapor.
This vapor is then compressed to a higher
pressure and a corresponding saturation
temperature where its latent heat can be
rejected so that it changes back to a liquid.
The total refrigeration effect will be the
heat transferred to the refrigerant during
the boiling i.e. inside the evaporating tank
[4].

As explained above, refrigeration is a
major application area of thermodynamics.
During refrigeration heat is removed
from a lower temperature region and
transferred to a higher temperature one.
Refrigerators, in general, are devices
producing cooling effect. Thermodynamic
cycles operating on these principles are
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called refrigeration cycles. The vapor-
compression refrigeration cycle is the most
commonly used refrigeration cycle. In a
vapor-compression refrigeration cycles, the
refrigerant is evaporated and condensed in
an alternating nature. It is then compressed
in the vapor phase by mechanical means.
Reversibility in thermodynamics refers to
a characteristic of certain processes that
can be reversed, and the system is returned
to its initial state, without leaving any net
effect. The Carnot Heat Engine is a totally
reversible cycle consisting of two reversible
isothermal (constant-temperature) and two
isentropic (constant-entropy) processes. As
stated in Carnot principles, A Carnot heat
engine has the maximum thermal efficiency
for given temperature limits. Therefore
it is taken as a standard to compare the
efficiencies of actual power cycles. Due to
its reversibility, all four above processes
can be reversed, causing also to change the
directions of heat and work exchange with
the environment. In this case it is called
a reversed Carnot cycle. A Refrigerator
operating on the reversed Carnot cycle is
called a Carnot refrigerator. The Carnot

Compressor

: 2
Evaporutor

T

at TL

refrigerator and the reversed Carnot cycle
are shown in Figure 1.

The refrigerant absorbs heat (Q,) at
constant-temperature from a source (T,).
It is then compressed at constant-entropy
to a higher temperature (T,) where
heat (Q,) is rejected at again constant-
temperature (7,). From there, expansion
occurs at constant-entropy to the initial
lower temperature (T,). The process 3-4
is called condensing where the refrigerant
changes from a saturated vapor to a
saturated liquid at temperature whereas
the process 1-2 is called evaporation where
the refrigerant changes from a mixture of
liquid-vapor to a saturated vapor at lower
temperature. Other two processes are
the compression process (2-3) where the
mixture is compressed to a saturated vapor
at higher temperature and the expansion
process (4-1) where the saturated liquid is
brought to mixture at a lower temperature,
initiating the refrigeration. However, in real
life applications, although the processes
1-2 and 3-4 are viable, processed 2-3 and
4-1 are difficult to achieve due to mixtures
of liquid and vapor, since compressors

Figure 1. The Carnot Refrigerator and The Reversed Carnot Cycle [5]
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and turbines (expanding devices) cannot
handle two phase fluids in an efficient
way. In order to solve these difficulties, the
reversed Carnot cycle could be executed
outside the saturation region. However, this
would bring up the difficulty in maintaining
constant-temperature conditions at
the processes 1-2 and 3-4. Although
the reversed cycle is a benchmark for
comparing the actual cycles, it is therefore
not a realistic refrigeration model.

The above mentioned issues against
practical use of the reversed cycle can be
eliminated by replacing the turbine with a
throttling device to reduce the pressure of
the liquid, thus lowering the temperature
for initiating the cooling effect and by
evaporating the mixture completely (i.e. to
saturated vapor) before the compression
stage. In this case, state 3 is no longer a
saturated one, but a superheated state.
Therefore process 3-4 takes place in
two steps: de-superheating the vapor
from a higher temperature to saturation
temperature, then changing the vapor
phase to liquid at constant-temperature.

The cycle outlined here is called an ideal

WARM
environment

fo

—|Condeuscr S

[X]

valve

Compressor

S

Evaporator

43

COLD refrigerated
space

X Expansion Wi

vapor-compression refrigeration cycle.
The Ideal refrigerator and the Ideal Carnot
cycle are shown in Figure 2. As indicated
previously, the most common used cycle
for refrigeration in general is the vapor-
compression refrigeration cycle. The cycle
contains four different processes:

Process 1-2: Constant-entropy (isentropic)
compression (compressor)

Process 2-3: Constant-pressure (isobaric)
heat rejection (condenser)

Process 3-4: Constant-enthalpy (isenthalpic)
throttling (e.g. expansion valve)

Process 4-1: Constant-pressure (isobaric)
heat absorption (evaporator)

In an ideal cycle, as mentioned
previously, the refrigerant at state 1
(compressor inlet) is a saturated vapor.
It is then compressed to the contender
pressure in a constant-entropy process.
Because compression occurs outside the
saturation line (T-s diagram), state 2 is a
superheated vapor, therefore attaining a
temperature well above the surroundings.
This temperature difference causes the
heat transfer to take place more easily than
it does for the saturated case. Releasing

s
Saturated 2
liquid

Oy
-
3 "
/i P in
|
I
I # NS
/ ¢ & g
Saturated vapor

Figure 2. The Ideal Vapor-compression Refrigerator and The Ideal Cycle [5]
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the superheat, the rest of the process is
same as the reversed Carnot cycle, i.e. the
refrigerant changes phase from saturated
vapor to saturated liquid at state 3. The
intermediate state where the refrigerant
is saturated vapor is sometimes called 2’.
The higher-pressure liquid refrigerant at
state 3 is then throttled causing the liquid
to start evaporating easily due to liquid
particles sprayed into the lower pressure
of evaporator. Meanwhile, temperature of
the refrigerant is also reduced to the value
corresponding to the saturation pressure.
The refrigerant is now a mixture of liquid
and vapor phases for which evaporation
continues until the refrigerant inside the
evaporator undergoes a phase change
completely to a saturated vapor. With
this evaporation taking place, the latent
heat required for the phase change of
the refrigerant from a mixture to vapor
is absorbed from the refrigerated space,
thus achieving the cooling function of the
cycle. The cycle is then completed with the
refrigerant leaving the evaporator [5].

Refrigerants are the fluids absorbing
high amount of heat during evaporation,
due to their higher evaporation enthalpies.
Refrigerants providing a cooling effect
during the evaporation are commonly
used in a variety of refrigeration systems,
including house hold refrigerators, air
conditioners, process cooling, etc. The
chemical substances directly responsible
for refrigeration as they change phase are
called the primary refrigerants which can
be classified into the following five main
groups: halocarbons, hydrocarbons (HCs),
inorganic compounds, azeotropic mixtures,
and non-azeotropic mixtures [6].

On the other hand, secondary
refrigerants are fluids carrying heat from
a substance refrigerated to the evaporator
of a refrigeration system. The secondary
refrigerants experience a change in
temperature when they absorb the heat
and liberate it at the evaporator, but they do

not change phase. Most common secondary
refrigerants include antifreeze solutions
(e.g. ethylene glycol) used in chilled water
systems and brine solutions (e.g. calcium
chloride) used in industrial applications.
However, heat absorption, or in other
words thermodynamic properties is not the
only criterion for selecting a refrigerant.
Physical and chemical properties such as
thermal conductivity and viscosity and
environmental impacts such as ozone
depletion are equally important [7]. Other
criteria for determining the type of the
refrigerant is another environmental
effect called GWP, i.e. green-house effect,
flammability and toxicity. The reason why a
working fluid (refrigerant) called R-134a is
selected is due its relatively very favorable
properties. The primary present concern
regarding the refrigerants’ influence on
the environment is due to the release of
chlorine (CI) in the upper atmosphere.
Chlorine gas is believed to react with the
ozone (0,), thus depleting it. Depletion
of ozone levels in the upper atmosphere
caused by its reaction with chlorine can
reduce the screening of harmful ultraviolet
rays from the sun. Research has shown that,
prolonged exposure to ultraviolet rays may
give a rise to health problems such as skin
cancers, as well as other adverse effects
on living creatures. These refrigerants
containing chlorine, thus having the
potential of depleting the ozone are called
chlorofluorocarbons, or CFCs. The types
of CFCs are R-11, R-12, R-113, R-114, and
R-115. They are sometimes referred to
with the prefix CFC, such as CFC-11, CFC-
12, and so on. The United States banned
CFC production 1995 and refrigerating
devices containing these refrigerants are
being replaced or modified for use with
less harmful refrigerants. Another group
of refrigerants containing chlorine as well
as a hydrogen molecule in their molecular
chain are less persistent than the CFCs,
thus representing a reduced threat to the
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ozone layer. These refrigerants are called
hydro chlorofluorocarbons or HCFCs. The
types of HCFCs are R-22, R-123, R-124,
R-141b, and R-142b. Starting on January
1, 2004, the United States restricted HCFC
refrigerant production. A worldwide ban is
also scheduled by 2030. The refrigerants
with no chlorine content are considered
to be the least harmful to the ozone layer.
They are called the hydro fluorocarbons
or HFCs. The types of HFCs are R-125,
R-134a, R-143a, and R-152a. However,
owing to their global warming potential,
there exists some pressure for reduction
of their use. As can be understood,
no refrigerant is completely innocent
and replacing a refrigerant could pose
another environmental problem. Besides,
differences in physical or thermodynamic
properties such as boiling points and
refrigerating efficiencies or safety and
lubricant and elastomer compatibility
could bring up further difficulties. Until
now, R-134a has proven to be the best
refrigerant as a substitute for R-12 which is
widely used in automotive and commercial
refrigeration applications. R-123, an HCFC,
has been promoted as a candidate to
replace R-11, at least temporarily. R11 is a
very common refrigerant for systems using
centrifugal compressors.

Refrigerant are also classified according
to their carbon content: The methane and
the ethane series. Except for R-22 (an HCFC)
and R-23 (an HFC) from methane series,
all others are either flammable or toxic or
fully halogenated. R-23 is not widely used
as a refrigerant due to its thermodynamic
properties. On the other hand, R-22 is
the most popular refrigerant in many
applications, yet it will undergo future
government restrictions in manufacture
due to its unfavorable environmental
impact, though small. Among the ethane
series, R-123, R-124, R-125, and R-134a are
the only partially halogenated compounds
that are non-toxic and non-flammable.

R-123 is an HCFC and will face regulatory
restrictions. The thermodynamic properties
of R-124 and R-125 make them of low
interest. On the other hand, R-134a has
already attracted the most interest for
its very favorable properties and it is
promising to be one of the more popular
future refrigerants [8]. Therefore, R-134a
appears to be the best available choice
among many refrigerants mentioned above,
for a variety of applications.

2. Theory

The first law of Thermodynamics
states that the net energy exchange in
a cycle is zero which can be stated as
Q.~W, =0.1t can be seen from Figure 2
that Q@ =Q,-Q, and W_=W,  since the
only work involved is compressor work.
The performance of any system can be
evaluated by comparing the desired output
with the required input, i.e. Performance=
(Desired output)/(Required input) which is
called the efficiency for a work producing
or a work consuming device and is always
less than unity. On the other hand, in the
case of a refrigeration system it is usually
larger than unity and called the Coefficient
of Performance and shown as COP=Q,/
W, . Since all four components found in a
basic refrigeration system are steady flow
devices with negligible change in kinetic
and potential energy in the working fluid,
the resulting heat and work transactions
can be calculated using the enthapy change
through the device. It should be noted that
the expansion process is isenthalpic where
the enthalpy remains unchanged and and
the compression process is isentropic
where the entropy is constant, assuming the
compressor is adiabatic and reversible, i.e.
itis perfectly insulated against any heat loss
to environment and there exists no losses
(frictional etc.) within the compressor.
Summarizing all:

Q,=h,-h, with h =h, (state 4 is mixture of
liquid and vapor at evaporator pressure)
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W, =h,-h, with s,=s, (state 1 is saturated
vapor at evaporator pressure)

Q,=h,-h, (state 2 is superheated vapor
and 3 is saturated liquid at condenser
pressure)

All the state properties throughout the
calculations are evaluated using curve fitting
polynomials obtained from the property
data tables belonging to R-134a [9]. Once
the property evaluations are made using
the evaporator and condenser pressures
which are two most important parameters
of a compression refrigeration system, the
above calculations are performed to obtain
Q, W, Q, and eventually COP. Figures
3 to 15 show temperature dependence
of pressure, specific volume, entropy

Saturation curve for R-134a
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Figure 3. Saturation Temperature vs. Saturation
Pressure

Saturation curve for R-134a
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Figure 4. Saturation Pressure vs. Saturation

Temperature

and enthalpy that are obtained from the
property data tables which are used to
construct the fitting polynomials upto
5% order depending on R? of the fitting
curves. A wide range of pressure values,
100-200 kPa for evaporator and 0.8-1.6
MPa for condenser, is covered based on the
above graphs, performing a vast number of
calculations to obtain COP against P for
various P_ . values (Figure 16).

Saturated liquid specific volume for R-134a
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Figure 5. Saturated Liquid Specific Volume vs.
Saturation Temperature

Saturated vapor specific volume for R-134a
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Figure 6. Saturated Vapor Specific Volume vs.
Saturation Temperature
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Saturated liquid enthalpy for R-134a
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Figure 7. Saturated Liquid Enthalpy vs.
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Saturated vapor enthalpy for R-134a
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Figure 8. Saturated Vapor Enthalpy vs. Saturation
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Superheated vapor enthalpy for R-134a
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Superheated vapor specific volume for R-134a (60-500 kPa)
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Superheated vapor specific volume for R-134a (600-2000 kPa)
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Figure 13. Superheated Vapor Specific Volume vs.
Temperature

Superheated vapor entropy for R-134a (60-500 kPa)
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Figure 14. Superheated Vapor Entropy vs.
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Superheated vapor entropy for R-134a (500-2000 kPa)

115

P=R00 kP
== PETOOKPa
—— - PB00KPs
== P=O00KP:

P=1000 kPa
== PL200WPA
— L1400 WP
— 1 P=1600 P
— = 1 E00 kP2
weens {2000 KPS

T(°C)
Figure 15. Superheated Vapor Entropy vs.
Temperature (600-2000 kPa)

3. Results and Discussion

The results obtained herein are obtained
for an ideal compression refrigeration
system using R-134a as refrigerant. The
results are readily usable especially by
designers and engineers aiming to perform
quick calculations for such systems. If any
data is available regarding the level of
irreversibility of the compressor, i.e. the
isentropic efficiency, n, a more realistic
(actual) COP can be obtained by simply
multiplying the ideal COP by efficiency, i.e.
cop,  ..=nCOP, .Justtohave an insight of
how practically the results can be obtained,

COP of an ideal vapor-compression refrigerationcycle using R-134a
COPactual=)COPideal
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Figure 16. COP of an Ideal Vapor-compression Refrigeration Cycle Using R-134a
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an example is included herein:

Example: A refrigerator of 5 tons of
refrigerant is to be designed with a freezer
temperature of -10°C where the heat is
absorbed and an environment temperature
of 20°C where the heat is rejected to. COP
of the refrigeration system and the power
required for the compressor are to be
determined.

Solution: As a rule of the thumb,
evaporation and condensation temperatures
can be appoximated to have 15°C difference
with medium (air) where heat is absorbed
from and rejected to [10]. In this case,
using Figure 4, the freezer temperature of
-10°C corresponds to -25°C of evaporator
temperature whose saturation pressure is
100 kPa and an environment temperature
of 20°C corresponds to 35°C of condenser
temperature whose saturation pressure is
900 kPa. Then, using Figure 16, Cop,, =285
is obtained. If the compressor isentropic
efficiency is known to be 85%, then:

CoP,, =242 is calculated. 5 tons is
equal to 17.6 KW of refrigeration which
requires a compressor power of 9.7 hp.

One may wish to go through the
following details which is still much easier
than reading out the property values from
the thermodynamic properties tables and
interpolating between them:

T,=-25°C, h,=235 Kk]/kg (Figure 8) and
5,=0.95 k] /kg-°C (Figure 10).

S2=5‘1=0.95 kJ/kg-°C and P,=900 kPa,
T,=46°C (Figure 15) and h,=282 KJ/kg
(Figure 11).

T,= 35°C, h,=100 Kk]/kg (Figure 7) and
h,= h,=100 k] /kg

W, =h,-h =47 k] /kg and Q =h -h =135 K]/
kg, then

cop, =Q,/W =287 and COP =244
which is practically same as the above value.

4. Conclusion

In this theoretical work, an ideal
compression refrigeration cycle is studied.
Tabulated properties data of R-134a is

first presented as graphs of properties
vs. temperature or pressure, both for
saturated and superheated states. Those
who do not want to interpolate between
table entries which may be very time
consuming or those who do not prefer
using P-h diagrams in which a significant
amount of loss of precision may occur,
may find using these graphs practical. A
graph of COP vs. evaporator pressure for
various condenser pressures is presented.
This graph is considered to be a practical
tool for refrigeration systems designers
or engineering students who aim to get
quick results for performance and power
requirements ofacompressionrefrigeration
cycle using R-134a. It is also very practical
for Marine Engineers on board the ships
who must take quick decisions when it
comes to analyze and remedy a problem
within refrigeration systems. Although
a specific refrigerant, R-134a, has been
chosen for this paper, similar calculators
can be created in the future as refrigeration
industry comes up with newer refrigerants.
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Dogu Akdeniz’de Miinhasir Ekonomik Bolge: Sinirlandirma
Anlasmalari, Paydaslar ve Stratejiler
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Oz

Dogu Akdeniz Havzasi, yliksek potansiyel enerji kaynaklarinin sahip olmasi, askeri, ticari ve ulastirma
acisindan jeopolitik ve jeostratejik 6nemi haizdir. “1982 Birlesmis Milletler Deniz Hukuku Sézlesmesi’nde
Miinhasir Ekonomik Bélge (MEB) nin anlasma yoluyla sinirlandirilmasinin, hakkaniyet ilkesine gore
uluslararast hukuk cercevesinde yapilmast yer almasina ragmen Dogu Akdeniz’deki devletler deniz
enerji kaynaklarini paylasmak amaciyla MEB’lerini bélgedeki tictincii devletlerin hakkini gbzetmeden
tek tarafli olarak ilan etmekte ve ikili antlasmalar yapmaktadir. Calismada, Dogu Akdeniz Havzasinin
jeostratejik ve jeopolitik 6nemi, MEB sinirlandirma uyusmazliklari, Dogu Akdeniz Miinhasir Ekonomik
Bélgesi'nde deniz yetki alanlarinin sinirlandirilmast ve stratejik paydaslar incelenmis, Tiirkiye’nin
Akdeniz ve Ege Miinhasir Ekonomik Bélgesindeki stratejilerine iliskin énerilerde bulunulmus, konuya
iliskin genel bir degerlendirme yapilarak Tiirkiye’nin soz konusu bélgede cikarlarint korumak igin
Akdeniz ile Ege’de Miinhasir Ekonomik Bélgesini ilan etmesi, MEB deniz yetki alanini gésteren haritalari
ortaya koymasi ve kiyidas lilkelerle miinhasir ekonomik bélge sinirlandirma anlasmalar: yapmasinin

uygun olacagi sonucuna varilmistir.
Anahtar Kelimeler: Miinhasir Ekonomik Bdlge, Dogu Akdeniz, Dogal Gaz Rezervleri, Enerji, Sinirlandirma
Anlasmalari.

The Exclusive Economic Zone in the Eastern Mediterranean: Delimitation
Agreements, Stakeholders and Strategies

Abstract

The Eastern Mediterranean Basin has great geopolitical and geostrategic importance from the points
of high potential of energy resources, military, commercial and transportation. Although it was pointed
out in the “1982 United Nations Convention on the Law of the Sea (UNCLOS), states that the delimitation
of the Exclusive Economic Zones (EEZ)"by agreement should be in accordance with international law
on an equitable basis; the states in the region declare EEZs unilaterally and enter into bilateral treaties
without considering the rights of the third States in order to share the marine energy resources. In
the study, importance of geopolitial and geostrategic of Eastern Mediterranean, disputes concerning
delimitations of EEZ, the delimitation of maritime juristiction and strategic stakeholders have been
examined and it has been proposed for Turkey’s strategy on EEZ in Mediterranean And Aegean Seas..
General evaluation has been conducted. The study concluded that Turkey, in order to protect national
and other economic interests should declare EEZs in the Mediterranean and Aegean Seas, put forward
the charts showing the coordinates of the delimits of its EEZs and sign the delimitation agreements of

the EEZ with the coastal states.
Keywords: Exclusive Economic Zone, Eastern Mediterranean, Natural Gas Reserves, Energy, Delimitation Agreements.
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1. Giris

Yapilan projeksiyonlara goére Diinya
nifusunun 2035 yilinda yaklasik 8,8
milyar olacagl tahmin edilmistir [1]. Enerji
tilketiminde 2014-2035 yillarn arasinda
%34 artis beklenmektedir [1]. British
Petroleum (BP) Enerji Raporu’na gore;
2015 yii sonu itibariyle diinya toplam
kanitlanmis petrol rezervi 239,4 milyar
ton/y1l, 1.697,6 milyar varil/yil; petrol
tretiminin 4.331,3 milyon ton/yil, 91670
bin varil/giin, tliketiminin ise 4.331,3
milyon ton/yi, 95.008 bin varil/giin
oldugu belirtilmektedir [2]. 2015 yilinda
petrol diinya enerji talebinin %32,6’s1na,
dogal gaz ise %23,7’sine karsilamistir [3].
Uluslararasi1 Enerji Ajansi raporuna gore;
petrol talebinin 2016 yilinda bir 6nceki yila
gore %1,2 oraninda biiyiime ile 95.8 milyon
varil/giin olacagi tahmin edilmistir [4].

BP Raporu'na goére 2015 yili sonu
itibariyle diinya kamitlanmis dogal gaz
rezervi 186,9 trilyon m*® dogal gaz lretimi
3538.6 milyar m3, tiiketimin 3.468,6 milyar
m? oldugu belirtilmektedir [2]. Amerika
Birlesik Devletleri (ABD) Enerji Baskanligi
dogal gaz talebinin 2040 yilina kadar %56
biiyliyecegini ongormektedir [5]. Diinya
ham petrol rezerv 6mri 2014 yilinda
yaklasik 56,8 yil, diinya dogal gaz rezerv
omri 54,1 yil olarak ongorilmistir [3].
2050 yilinda diinya petrol talebinin %110
artacagi beklenmektedir [6].

Tiirkiye, Dogu-Bati, Kuzey-Giiney ulasim
ve enerji koridorlarinin, ulasim ve ticaret
yolu iizerinde olup, jeo-stratejik 6neme haiz
olup, ayn1 zamanda “1960 Garanti ve Ittifak
Antlagsmalart ile garantér devlet sifatiyla
Kibris Adast tizerinde séz sahibidir”[7]. Dogu
Akdeniz'de dogalgaz rezervinin 15 trilyon
metrekiipten daha fazla oldugu tahmin
edilmektedir [8].

Calismanin ikinci Bélimi'nde Dogu
Akdeniz  Havzasi’nin jeostratejik  ve
jeopolitik 6nemine iliskin degerlendirme
yapilmus, Ugiincii Boliimde “1982 Birlesmis
Milletler Deniz Hukuku S6zlesmesi (BMDHS)”

hiikiimlerinde yer alan “Miinhasir Ekonomik
Bélge (MEB)” hukuki rejimi ve ilgili
maddeleri ele alinmis, Dordiincii Boliimde
MEB sinirlandirma uyusmazliklar
incelenmis, Besinci Boliimde Dogu Akdeniz
Minhasir Ekonomik Bdlgesi'nde deniz
yetki alanlarinin  simirlandirilmas1  ve
stratejik paydaslar ile stratejik isbirlikleri
incelenmis, Altinci Bolimde Tirkiye nin
Akdeniz ve Ege Minhasir Ekonomik
Bolgesindeki stratejisine iliskin Onerilere
yer verilmistir. Sonu¢ ve Degerlendirme
Boliimi'nde ise genel bir degerlendirme
yapilmis olup, Tirkiye'nin Akdeniz ve
Ege MEB’de yer alan séz konusu enerji
kaynaklarini arastirmak ve isletmek ve
dolayisiyla stratejik roliinii arttirmak igin
soz konusu bolgelerde MEB ilan1 yapmasina
ve olusturacag stratejiye iliskin 6nerilerde
bulunulmustur.

2. Dogu Akdeniz Havzasinin Jeostratejik
ve Jeopolitik Onemi

Dogu Akdeniz dar anlamda Tirkiye,
Kibris Tirk Cumhuriyeti (KKTC), Gliney
Kibris Rum Yonetimi (GKRY), Suriye,
[srail, Misir, Liibnan, Filistin, Libya, Tunus
ve Urdiin kiyilan ile cevrilidir [9, 10].
Tarih boyunca Atlas Okyanusu ile Siiveys
Kanal’'n1 birbirine baglayan 6énemli bir
tasimacilik ve ticaret yolu gilizergahi olan
Dogu Akdeniz Bolgesi deniz tasimaciligl,
denizcilik faaliyetleri, deniz ticareti ve
stratejik agidan olduk¢a dnemli bir stratejik
bolge olarak degerlendirilmis olup, bu
bolgedeki hidrokarbon yataklarinin kesfi
ile dGnemi daha da artmistir [11].

Akdeniz’de y1lda 220.000’den fazla gemi
seyir yapmaktadir [12]. Dogu Akdeniz,
Diinya petrol rezervlerinin %65,4'line
sahip olan Orta Dogu'nun batiya acilan
kapisi olup, Diinya deniz trafiginin %30y,
petrol tasimaciliginin %25’i Akdeniz’den
gecmektedir [13, 14]. Ayrica, Atlantik
ve Avrupa ile Uzak Dogu ana konteyner
hatlar1 Akdeniz koridorunu kullanmaktadir
[15, 16]. Diinya petrol rezervlerinin %
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65‘ine sahip olan Basra Korfezi Dogu
Akdeniz yoluyla batiya acilmakta olup,
Hazar petroli ve dogalgazinin diinya
pazarlarina ulasmasinda Dogu Akdeniz
onemli bir rol oynamaktadir [17, 18].
Akdeniz'in Atlas Okyanusu ile Siveys
Kanali'n1 birbirine baglayan 6nemli bir
tasimacilik giizergah1 olmasi disinda su,
petrol ve dogalgaz kaynaklari agisindan
stratejik dogal kaynaklara sahip olmasi soz
konusu boélgenin daha da stratejik ve enerji
koridoruna olmasina neden olmaktadir.

Kibris ve Israil arasindaki “Leviathan”
Havzasinin yaklasik 1.68 milyar varil
petrol ve 3,45 trilyon m® dogalgaz icerdigi
ongoriilmektedir [19, 20]. israil Hiikiimeti
Israilin kuzeyinde kiy1 ile baglantil
tiretim kuyularina baghh acgikta sabit
bir sondaj platformu tesisini kapsayan
Leviathan Kalkinma Plani’ni onaylamistir.
Dogu Akdeniz’'de (Leviathan, Heredot ve
Nil Deltasi) toplam dogalgaz miktarinin
13,2 trilyon m3, swvilastirilmis dogalgaz
miktarinin(LNG) 9 milyon m? ve petrol
miktarinin ise 3,5 milyar varil civarinda
oldugu tahmin edilmektedir [21].

3. Miinhasir Ekonomik Bolge

Miinhasir Ekonomik Boélge kavrami
Uluslararast Hukuk acisindan ilk Kkez
de “1958 Cenevre Karasular1 ve Bitisik
Bolge Sozlesmesi’nde ortaya c¢ikmistir.
Ancak, bu sozlesmede de karasularinin
genisligine iliskin herhangi bir diizenleme
yer almamistir. “1982 Birlesmis Milletler
Deniz  Hukuku  Sézlesmesi  (BMDHS)
(United Nations Convention on the Law
of the Sea (UNCLOS))’nde karasularinin
genisligine iliskin ilk diizenleme yapilarak
karasularinin azami genisligi 12 mil olarak
ongoriilmiistir. Minhasir Ekonomik Bolge
kavrami ilk defa 1982 Birlesmis Milletler
Deniz Hukuku Soézlesmesi (BMDHS)’'nde
diizenlenmis olup, orf ve adet hukuku
haline gelmistir [22].

Miinhasir Ekonomik Boélge (MEB) ile
ilgili hukuki dizenleme “1982 Birlesmis

Milletler  Deniz ~ Hukuku  Sozlesmesi
(BMDHS) (United Nations Convention on
the Law of the Sea (UNCLOS))’nin 55-75
maddelerinde yer almaktadir. BMDHS nin
55. Maddesine gore MEB karasularina
bitisik bir bolge olup, 6zel hukuki rejimine
tabidir MEB’e kiyidas devletler ile
diger devletlerin haklar1 ve yetkileri ile
BMDHS'de diizenlenmistir [23, 24, 25, 26].

BMDHS'in “Miinhasir Ekonomik Bélgede
sahildar devletlerin haklari, yetkisi veya
yiikiimliikleri” bashikl1 56.1.a) maddesinde
MEB’deki kiyidas devletlerin “deniz yatagi
lizerindeki sularda, deniz yataklarinda
ve bunlarin toprak altinda canli ve
cansiz dogal kaynaklarinin aragstirilmasi,
isletilmesi muhafazasi ve yénetimi konulari
ile; ayni sekilde sudan, akintilardan ve
riizgarlardan enerji iiretimi gibi, bélgenin
ekonomik amaglarla arastirilmasina ve
isletilmesine yonelik diger faaliyetlere
iliskin egemen haklar” yer almaktadir.
BMDHS'’in Sézlesmesi'nin 56.2 maddesine
gore “Miinhasir ekonomik bélgede sahildar
devlet, séz konusu Sézlesme uyarinca
haklarini kullanirken ve yiikiimliiliiklerini
yerine getirirken, diger devletlerin haklarini
ve yiikiimliiliiklerini gerektigi sekilde goz
oniinde bulunduracak ve bahsi gegcen
Sézlesme hiikiimleriyle bagdasacak bicimde
hareket edecektir.”[22]. BMDHS'nin 57.
Maddesine gore; “Miinhasir ekonomik
bélge, karasularinin élciilmeye baslandigi
esas hatlardan itibaren 200 deniz milinin
dtesine uzanmayacaktir.”[23].

MEB alanmi kiy1 devletinin egemenligi
altinda degildir. MEB alaninda sahildar
devlet, diger devletlerin haklarini dikkate
alarak uluslararasi kanun ve Kkurallar
cercevesinde miinhasir yetkilere sahiptir.
Ancak, Dogu Akdeniz’de yer alan devletler
MEB haklarini kullanirken bu bolgede yer
alan ti¢linct tilkelerin hakkini gézetmeden
MEB smirlarint  belirlemektedir [26,
27]. BMDH’nin 59 uncu maddesine gore
MEB’deki  uyusmazliklar = hakkaniyet
prensibi ve tiim uluslararasi toplum
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dikkate alinarak ¢oziilmelidir [23].

“BMDHS’nin “Deniz haritalar1 ve cografi
koordinatlara iliskin listeler” bashkli 75.
Maddesine gore, MEB’in simirlandirma
cizgileri uygun olgekli deniz haritalarinda
gosterilecektir. S6z konusu S6zlesme’nin
77’'nci maddesine gore sahildar devlet
kita sahanliginda arastirmalar yapabilir
ve dogal kaynaklar isletebilir. Ancak,
baska sahildar devlet s6z konusu sahildar
devletin iznini almadan bu faaliyetleri
ylriitemez [23].

BMDHS'nin 74 1iinci maddesinde
MEB’in siirlandirilma anlagmasi
hakkaniyet ilkesine gore Uluslararasi
Adalet  Divani  Statiisiiniin 38'nci

maddesinde yer aldig1 lizere uluslararasi
hukuka uygun olarak yapilacaktir [23, 29].
UAD’in MEB sinirlandirmasinin hakkaniyet
ilkesi  prensibine  dayandirilmasinin
temelinde “1958 Cenevre Kita Sahanligi
Sozlesmesi’nin ~ 6'nci maddesi  olup,
buna gore simirlandirma “esit uzaklik
ilkesine” gore yapilacaktir [30].“BM Genel
Kurulu’nun 1970 tarih ve 2749 (XXV) ve
2750 (XXV) sayili kararlarinda uluslararasi
deniz yatagi ‘Insanhgin Ortak Miras’
olarak kabul edilmistir’[31]. Bahsi gecen
yaklasim deniz dibindeki kaynaklarin
siirsiz kullanimini dnleyebilecegi gibi,
gtvenlik stratejileri ac¢isindan da onem
arz etmektedir. Ongériilen adil paylasim
modelinin  silahlanma  yarisimm  da
azaltabilecegi diisintilmektedir [31, 32].

Tirkiye karasularinin  genisliginin
azami 12 mile olarak hiilkme baglanmasi
ve uyusmazliklarda zorunlu yarg: yetkisi
ile ilgili hiikimlerden dolayr BMDHS ne
taraf olmamistir[30]. Ancak, bir kiy1
devleti sozlesmeye taraf olmasa da
MEB ilan1 yapabilir Buna istinaden,
“Ttirkiye 05.12.1986 tarihli ve 86/11264
sayili  Bakanlar Kurulu Kararnamesi
ile Karadeniz'de 200 millik MEB ilan
etmis olup, Ege ve Akdeniz’ de MEB ilan
edilmemistir’[25, 28].

4. Miinhasir Ekonomik

Sinirlandirilmasi Uyusmazliklar:
Diinyada  bircok tlke  Miinhasir

Ekonomik Bolge'ye sahip olup, MEB’nin

Bolge

sinirlandirilmast ile deniz kaynaklarin
kullanimi  iilkeler  arasinda  sorun
olmaktadir MEB ve kita sahanhginin
sinirlandirilmasina  iliskin ~ giiniimiize

kadar bircok dava karara baglanmistir.
“BMDHS’nin 74. ve 83. Maddelerine gére
siirlandirmalarda hdkim ilke “hakca bir
paylasim” olup uluslararasi mahkemeler
siirlandirmanin - MEB ~ sinirlandirmasinin
hakkaniyet ilkesine (principle of equity )gére
yapilmasini benimsemektedir” [29].

“MEB  smirlandirilmasinda  devletler
coziime ulasamadiklari takdirde BMDHS 'nin
XV. Béliimiinde yer aldigi iizere 6ncelik
taraflarin uyusmazligi ¢ozmesi olup, sayet
taraflar, uyusmazliklarin ¢éziimii konusunda
herhangi bir sonuca varamazlarsa XV.
Kismin 2. Béliimiinde éngériilen Uluslararasi
Adalet Divani, Uluslararast Deniz Hukuku
Mahkemesi, vb. zorunlu yargisal ¢oziim
rejimi devreye girer [23]. UAD Statiisti’niin
35.1 Maddesine gére UAD’na sadece Divan
Statiisti’'ne taraf olan devletler basvurabilir.
UAD Statiisiintin 36.2 maddesine gére
Divan’in yargi yetkisinin taraflar tarafindan
taninmast  gerekmektedir’[33].  Ancak,
Tiirkiye UAD Statiisiine taraf olmadigindan
Divan’a s6z konusu davalaricin bagvuramaz.

Deniz alanlarinin smirlandirilmasina
iliskin simdiye kadar UAD ve diger
Uluslararasi Tahkim Mahkemeleri
tarafindan karara baglanan baslica 19
mahkeme karari olup,

UAD ve hakem mahkemelerinin soz
konusu baslica ornek kararlar1 asagida
verilmektedir:

Kita sahanligi hukukunun gelismesinde
onemli bir rolii bulunan ilk sinirlandirma
davasi 1969 yilinda UAD’da ¢dziimlenen
Danimarka ile Federal Almanya, Hollanda
ile Federal Almanya arasindaki Kuzey
Denizi Kita Sahanhgl Davalar1 (North
Sea Continental Shelf (Federal Republic

84



Ece / JEMS, 2017; 5(1): 81-94

of Germany/Netherlands) and North
Sea Continental Shelf (Federal Republic
of Germany/Denmark))(1967-1969)
olup, diger davalar; Fransa ve ingiltere
arasindaki Mans Denizi Kita Sahanligi
Davasi (Continental Shelf Delimitation
(Channel Islands Case) (1977-1978);
Tirkiye ile Yunanistan arasindaki Ege
Denizi Kita Sahanligi Davasi (Aegean Sea
Continental Shelf Case) (1976-1978);
ABD ve Kanada arasindaki Maine Korfezi
Sinmirlandirma Davasi (Gulf of Maine Area
Case) (1981-1984); Tunus-Libya Davasi
(1978-1982), Libya ile Malta arasindaki Kita
Sahanligi Davasi (Continental Shelf Case)
(1982-1985); Guinea-Bissau ile Senegal
arasinda deniz alanlarinin sinirlandirilmasi
davasi) (Maritime Delimitation between
Guinea-Bissau and Senegal (Guinea-Bissau
v. Senegal)) (1991); Katar ile Bahreyn
arasinda deniz alanlarinin sinirlandirilmasi
davas1  (Maritime Delimitation and
Territorial Questions between Qatar and
Bahrain (Qatar v. Bahrain)) (1991); Kanada
ve Fransa arasindaki St. Pierre ve Miquelon
Kita Sahanligi Davasi (Delimitation of the
Maritime Boundary between Canada and
France (St.Pierre and Miquelon)) (1992);
Danimarka ve Norve¢ arasindaki Jan
Mayen Kita Sahanligi Davasi (Maritime
Delimitation in the Area between Greenland
and Jan Mayen) (Denmarkv. Norway) (1988-
1993); Kameron ile Nijerya arasinda deniz
alanlarimin sinirlandirilmast davasi (Land
and Maritime Boundary between Cameroon
and Nigeria) (1994); Nijerya ile Kamerun
arasinda deniz alanlarini sinirlandirma
davas1 (Request for Interpretation of
the Judgment of 11 June 1998 in the
Case concerning the Land and Maritime
Boundary between Cameroon and Nigeria)
(1998); Yemen ve Eritre (1999), Nikaragua
ile Honduras arasinda Karayip Denizi'nde
deniz alanlarinin sinirlandirilmasina iliskin
dava (Territorial and Maritime Dispute
between Nicaragua and Honduras in the
Caribbean Sea (Nicaragua v. Honduras))

(1999); Nikaragua ile Kolombiya arasinda
deniz alanlarinin sinirlandirilmasina iliskin
dava (Territorial and Maritime Dispute
(Nicaragua v. Colombia)) (2001); Romanya
ile Ukrayna arasinda deniz alanlarinin
sinirlandirilmasina iliskin dava (Maritime
Delimitation in the Black Sea (Romania
v. Ukraine)) (2004); Peru ile Sili arasinda
deniz yetki alanlarinin siirlandirilmasina
iliskin dava (Maritime Dispute (Peru v.
Chile)) (2008); Nikaragua ile Kolombiya
arasinda kita sahanliginin sinirlandirilmasi
davasi (Question of the Delimitation
of the Continental Shelf between
Nicaragua and Colombia beyond 200
nautical miles from the Nicaraguan Coast
(Nicaragua v. Colombia)) (2013);Costa
Rika ile Nikaragua arasinda Karayip
Denizi ve Pasifik Okyanusu'ndaki deniz
alanlarimi sinirlandirma davasi (Maritime
Delimitation in the Caribbean Sea and the
Pacific Ocean (Costa Rica v. Nicaragua))
(2014); Somali ile Kenya arasinda deniz
alanlarimi sinirlandirma davasi (Maritime
Delimitation in the Indian Ocean (Somalia
v. Kenya)) (2014) [28, 34, 35, 36].

BMDHS'nin 77'nci maddesinde
diizenlendigi tizere; kiy1 devletinin kita
sahanligindaki haklar1 séz konusu alani
ilan etmesine ya da kullanmasina bagh
olmadigi hikmii “UAD’nin 1969 tarihli
Kuzey Denizi Kita Sahanligi Davalart”
kararina yansimis olup, sinirlandirmalarda
“hakkaniyet  prensibi” uygulanmaktadir
[29]. Tunus ve Libya'nin UAD’a basvurdugu
kita sahanligi davasi, mahkemece 1982
yilinda karara baglanmis olup, kararda “kita
denize hakimdir” ifadesi yer almistir [34].
Bahsi gecen davalar MEB ve kita sahanligi
sinirlandirilmasinda “hakkaniyet” ve “esit
uzaklik” prensibinin uygulanmasi gibi bazi
ilke ve kurallarin yerlesmesi agisindan
onemlidir [29].

UAD tarafindan Libyaile Malta davasinda
mesafe sinirlandirilmasina vurgu yapilmasi
esit uzaklik cizginin kullanilmasina neden
olmustur [37]. “ABD ve Kanada arasinda
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Maine Kérfezi Bélgesi Davasi'nda (1984)
denizlerin sinirlandirilmasinda anakaralar
arasinda esit uzaklik c¢izgisinin olmasi
gerektigi ve bélgelere gore sinirlandirmanin
yapilmasint ~ karara  baglanmistir’[22].
UAD’nin Karari'nda, oncelikle sinirlandirma
ile ilgili kiyillar ve denizalani belirlenmis;
daha sonra smmirlandirma esit uzaklik
cizgisi ve hakkaniyete uygun olarak
yapilmistir [38].Malezya, Cin, Filipinler,
Tayvan, Vietnam, arasinda Spratly Adalari,
Kuzey Buz Denizi'ndeki tlkeler arasinda
ikili uyusmazliklar séz konusudur. Kanada
ve Danimarka arasindaki Hans Adalari, ABD
ve Rusya arasindaki Bering Denizi, ABD ile
Kanada arasindaki Beaufor Denizine iliskin
Kuzey tilkeleri arasinda da sinirlandirma
uyusmazliklart mevcuttur [39].
Uluslararas1 mahkemeler, simirlandirma
isleminde oncelikle iilkelerinin
cografi ozelliklerini dikkate alarak bir
sinirlandirma ¢izgisi belirlemekte olup,
daha sonra belirlenen smirin tlkenin
cografyasi, kiy1 seridinin uzunlugu, niifus,
mevcut kaynaklar vb. acisindan hakga olup
olmadigini degerlendirmektedir[10, 40].
Ege Denizi'nde kita sahanligi sorunu
ilk kez Kasim 1973’de Ege Denizinin
dogusunda TPAO'nun bazi bolgelere 27
adet petrol arama ruhsati vermesiyle
ortaya ¢ikmis olup, 1974 yilinda da yeni
ruhsatlarin verilmesi ile sorun daha da
artmistir.  Yunanistan, TPAO tarafindan
petrol arama ruhsati verilen bélgelerden
bazilarinin  Semadirek, Limni, Midillj,
Aghios, Sakiz, Psara ve Antipsara adalarinin
kita sahanlik alanlariyla ¢akistigi iddiasinda
bulunmustur. Yunanistan Agustos 1976’da
tek tarafli olarak (forum prorogatum)
UAD’'na basvurarak anlasmazlik konusu
olan bolgelerde bilimsel arastirma ve
arama islemlerinin durdurulmasini ve
ihtiyati tedbir alinmasini talep etmistir
(Turkiye ve Yunanistan arasinda Ege
Denizi Kita Sahanligi Davasi (Aegean Sea
Continental Shelf Case) (1976-1978)). UAD
19 Aralik 1978 tarihinde Yunanistan'in tek

tarafli bagvurusu ile agilan Ege Denizi kita
sahanliginin  smirlandirilmasina  iligkin
davada, kendisini yargilama yetkisine
sahip gormedigi icin, davayr yetkisizlik
gerekcesiyle reddetmistir [35].

Yukarida belirtildigi tizere UAD'1n Libya-
Malta, Danimarka ile Norveg¢ arasindaki Jan
Mayen, Maine Korfezi ve Katar Devleti-
Bahreyn, Romanya ile Ukrayna arasinda
kita sahanlignt ve MEB simirlandirmasi
uyusmazligina iliskin davalarindaki
kararlarinda smirlandirmada esit uzaklik
ilkesinin uygulanmasina vurgu yapmasi
Akdeniz kiyilari agisindan birbirine yakin
oOlciilere sahip olan Tirkiye ile Misir'in
miinhasir ekonomik bolge ve/veya kita
sahanligl simirlandirmasinin esit uzaklik
ilkesi cercevesinde yapilmasi gerektigini
desteklemektedir [41].

5. Dogu Akdeniz Miinhasir Ekonomik
Bolgesi'nde Deniz Yetki Alanlarinin
Sinirlandirilmasi ve Stratejik Paydaslar
Dogu Akdeniz’e kiyidas devletler enerji
kaynaklarini arastirmak ve isletmek icin
MEB ilan etmek amaciyla girisimlerde
bulunmaktadir. Bir kiy1 devleti BMDHS ne
taraf olmadan da MEB ilan1 yapabilir. Dogu
Akdeniz’in cografi yapisinin karmasiklig:
nedeniyle sahildar iilkelerin deniz yetki
alanlarinin sinirlarinin cakismasina
neden olmaktadir. Bu nedenle, s6z konusu
bolgedeki sahildar devletler bu bolgede yer
alan diger sahildar devletlerle antlasma
yapmadan MEB’lerini tek tarafli olarak ilan
ederek ikili antlagsmalar yapmaktadir[42].
Dogu Akdeniz’deki iilkelerin Miinhasir

Ekonomik Boélge Sinirlamasina iligkin
paydaslar, diger iilkeler ile yaptiklar:
stratejik isbirlikleri ve buna iliskin

anlasmalar asagida verilmektedir:

Tirkiye BMDHS'ne taraf olmamasina
ragmen MEB ilan etme hakkina sahiptir.
“Tiirkiye “05.12.1986 tarih ve 86/11264
sayili Bakanlar Kurulu Kararnamesi ile
Karadeniz'de 200 millik MEB ilaninda
bulunmustur” [41, 43]. 476 Sayih
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Karasular1 Kanun'da yer aldig1 iizere,
tilkemiz karasularinin genisligi Akdeniz
ve Karadeniz’de 12 mil ve Ege Denizi'nde
6 mil, olup, bu bolgelerde MEB ilani
yapilmamistir[44].

21 Eylil 2011 tarihinde Tirkiye ile
KKTC arasinda “kita sahanligi sinirlandirma
anlasmast” imzalanmistir. Tirkiye baska
kiyidas devletlerle kita sahanligi ve MEB
sinirlandirma  anlagmalar1  yapmamistir
[45, 46]. Tiirkiye'nin ilan ettigi kendi ruhsat
alanlarinin bir b6liimii GKRY tarafindan ilan
edilen ruhsat sahalari ile cakismaktadir [9].

Tiirkiye, GKRY’'nin tim Kibris i¢in kita
sahanligi ile MEB sinirlandirma anlagmalari
yapma yetkisinin olmadigini, buna iliskin
yapilan anlagmalarin gecerliligin olmadigini
ve uluslararas1 hukuka aykir1 oldugunu
ilan etmistir Bu nedenle, Tirkiye GKRY ile
Misir arasinda imzalanan sinirlandirma
anlasmasini tanimamaktadir [47].

“2015tarihlive 63sayili “Kuzey Kibris Tiirk
Cumhuriyeti Deniz Yetki Alanlar1 Yasasi’na
gbére MEB’de simmirlandirma anlagmalari
bélgenin  ozelliklerine gore hakkaniyet
prensibi cercevesinde uluslararast hukuka
uygun sekilde yapilmalidir” [48, 49].

“Dogu Akdeniz Miinhasir Ekonomik
Bélge’de petrol ¢ikarilmast hakkinda 2011
tarih ve 1753 sayil Bakanlar Kurulu Karari
27 Nisan 2012 tarih ve 28276 sayili Resmi
Gazete'de yayimlanarak yiirtirliige girmigtir.
Séz konusu Bakanlar Kurulu Karari ile
XIV numarali Adana Petrol Bélgesinde,
Akdeniz’de Tiirk Karasular disinda yer alan
6 alanda petrol ameliyati’  yapilmasina
izin verilmistir[50]. “Tiirkiye 21 Eyliil
2011’de KKTC ile “Akdeniz’de Kita Sahanligi
Sinirlandirmast Hakkinda Anlasma” ve 02
Kasim 2011 tarihinde KKTC Ekonomi ve
Enerji Bakanlgtile Tiirkiye Petrolleri Anonim
Ortakligi (TPAO) arasinda “Petrol Sahasi
Hizmetleri ve Uretim Paylasim Sézlesmesi”

imzalanmigtir” [51]. 22 Eylil 2011
tarihinde KKTC Bakanlar Kurulu karariyla
TPAOQ’ya Kibris Adasi’'nin civarindaki deniz
sahalarinda petrol ve dogalgaz arama
ruhsatlar1 verilmis olup, 20 Ekim 2014
tarihinde son teknolojik donanimlara
sahip Barbaros Hayrettin Pasa Sismik
Arastirma Gemisi Kibris'in giineyinde
sismik arastirmalara baslamis ve sismik
veri toplama calismalari gerceklestirmistir
[51].

Giiney Kibris Rum Yonetimi: GKRY’nin
karasular1  genisligi 12  mildir[52].
GKRY’nin 1959 Zirih, Londra ve 1960
Lefkosa Antlagmalarina gore tek basina
Kibris'in tamamini baglayacak antlasmalar
yapma yetkisi bulunmamasina ragmen
2 Nisan 2004 yilinda ¢ikardigi bir yasa
ile KKTC ve Tirkiye ile anlasma yoluna
gitmeden “Kibris Cumhuriyeti” adina 21
Mart 2003 tarihinde 200 mil genisliginde
MEB ilaninda bulunmustur[44]. GKRY,
17 Subat 2003 tarihinde arasindaki MEB
sinirlandirmasinin ~ belirlendigi ve esit
uzaklik ¢izgisinin (ortay hat ilkesi)? esas
alindig1 bir antlasma imzalamis olup, sz
konusu anlasma 2004 yilinda Birlesmis
Milletler tarafindan onaylanmistir[10].

GKRY 17 Subat 2003 tarihinde Misir’la
Dogu Akdeniz'deki deniz sahalarinin
paylasimiyla ilgili MEB sinirlandirmasini
ongoren bir antlasma imzalamis ve 2004
yilinda bu antlasmay1 Birlesmis Milletlere
onaylatmisti. GKRY, 2006 yilinda Giliney
Kibris ile Misir’a kadar olan bolgedeki
yeralti kaynaklarinin tespit edilmesine
iliskin calismalara baslamis olup, 26
Ocak 2007 tarihinde Misir ve Liibnan
ile cizdigi smirlarin igerisinde 13 adet
hidrokarbon arama ruhsat sahasi ilan
etmistir [44, 45]. S6z konusu sahalardan
bazilar1 Tiirkiye'nin kita sahanhgi sahalari
ile cakismakta olup, Tiirkiye, 2 Mart 2004

Petrol ameliyati: Petrol arama, Kesif, inkisaf, istihsal, tasfiye ile depolanmasi, nakledilmesi, satilmasi ve bu isler
icin gerekli enerji ve su tesisleri, bina, kamp ve diger biitiin tesislerin kurulmasi ve isletilmesi.

21958 Cenevre Karasulari ve Bitisik Bolge S6zlesmesine ve 1982 BMDHS' ne gore, taraflar arasindaaksini 6ngoren
bir andlagma yoksa veya diger 6zel durumlar ve tarihi haklar farkli bir usuliin uygulanmasini gerektirmiyorsa,

karasularinin sinirlandirilmasinda bir usiildiir [24].
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tarihinde s6z konusu sahalardaki haklarini
sakli tuttugunu belirten notay1 BM Genel
Sekreterligine bildirmistir [45]. GKRY’nin
ilan ettigi MEB'nde yer alan 9 numaral
parsel KKTC tarafindan TPAO’ya verilen
ruhsat alani ile cakismakta olup, bu durum
Kibris miizakerelerini de olumsuz yonde
etkilemektedir [9, 53]. GKRY’nin Dogu
Akdeniz'de kiyidas devletlerle imzaladigi
MEB simirlandirma anlagmalar1 asagida
verilmektedir [10].

GKRY ile Liibnan ile ortay hat ilkesini
esas alarak MEB'nin smirlandirilmasina
iliskin 17 Ocak 2007’de bir anlasma
imzalamis olup, Tirkiye'nin ¢abalari
sonucunda Liibnan Hiikiimeti bu anlagsmay1
onaylamamistir [10].

GKRY ile Israil 17 Arahk 2010’de
ortay hat esasini dikkate alarak MEB
siirlandirma anlasmasi imzalamistir [10].
GKRY ile Misir 17 Subat 2003tarihinde
ortay hat prensibini temel alarak anlasma
yapmistir [10]. GKRY ile Suriye arasinda
herhangi bir MEB smirlandirilmasi
anlasmasi imzalanmamistir [44].

Ege Denizi'nde karasularinin genisligi 6
deniz mili olan Yunanistan'in; Mistr, Libya ve
GKRY ile ortay hat prensibini dikkate alarak
sinirlandirma anlagmasi yapma ¢alismalari
devam etmektedir [54, 55].

Israil karasularinin genisligi 12 deniz
milidir [54]. Israil bolgede 1998 yilinda
arastirmalara baslamis olup, Tamar, Dalit
ve Kibris ile srail arasinda kalan Leviathan
bolgesinde yaklasik 25 trilyon feet kiip
dogal gaz bulundugu tahmin edilmektedir
[27]. Amerikan Noble Energy 1998 yilindan
beri Israil aciklarinda calismalarini
stirdiirmekte olup, hidrokarbon sahalarinda
liretim yapacak asamaya gelmistir [21].
Israil 12 Temmuz 2011’de MEB ilaninda
bulunmustur. Israil sadece 2010 yilinda
GKRY ile MEB smirlandirma anlagmasi
imzalamis olup, dogal gaz ihracina
baslamistir [51, 55].

Suriye’nin karasular1 12 mildir. Suriye
karasulari, i¢ sulari, bitisik bolge, kita

sahanligi ve MEB’ye iliskin rejimlerini
kapsayan deniz kullanim alanlarimi igeren
“Suriye Karasularinda Ulusal Egemenligin
Belirlenmesi’ne iliskin yasayr 19 Kasim
2003 tarihinde onaylamistir [10, 54]. Ancak,
Suriye’nin herhangi bir MEB sinirlandirma
Anlasmasi bulunmamaktadir [10].

ingiltere’nin Kibris adasinda Akrotiri ve
Dikelya adl iki iissii bulunmakta olup, s6z
konusu iislerden dolay1 ingiltere MEB'nin
ilan etme konusunda s6z sahibi olmak
isteyebilir [44, 45].

Misir'in karasularinin genisligi 12 mildir.
[52]. British Petroleum (BP) Nil Deltasi'nda
sahip oldugu petrol sahalarinda 5 trilyon
metrekiipiin iizerinde dogalgaz rezervi
oldugu tahmin etmektedir [56]. Misir,
Tirkiye'nin karsi ¢ikmasina ragmen 2003
yilinda GKRY ve17 Ocak 2007’de Liibnan ile
ortay hatti esas alarak MEB sinirlandirma
anlasmasi imzalamistir. Misir, 17 Aralik
2010’da Israil ile séz konusu sinirlandirma
anlasmasi imzalamasina ragmen Israil ile
sinirlandirma  konusundaki anlasmazlik
nedeniyle séz konusu anlagsma Liibnan
Parlamentosu tarafindan onaylamamistir
[40, 55].

Libnanin karasular1 genisligi 12 mildir
[54]. Liibnan birinci, dérdiincii, dokuzuncu
ve onuncu parsellerde Kkesif c¢alismalari
yapmis olup, dokuzuncu bélgede Israil ile
anlagsmaya varamamaktadir [57]. Yukarida
belirtildigi {izere, Liibnan ile GKRY 17
Ocak 2007°de MEB sinirlamasi anlagmasi
imzalamis olup, bahsi gecen anlasma
Tirkiye'nin girisimiyle Liibnan tarafindan
onaylanmamistir [10]. Liibnan'in ilan ettigi
MEB alani ile Israil’in deniz yetki alanlarinin
yaklasik 9 km'lik bir kesimde c¢akismasi
nedeniyle israil ile MEB anlasmazhig1 devam
etmektedir [10].

6. Tiirkiye'nin Akdeniz ve Ege Miinhasir
Ekonomik Bolgesi'ndeki Stratejisine
iliskin Oneriler

Tirkiye, bugiine kadar Dogu Akdeniz
ve Ege’de MEB ilaninda bulunmamis, KKTC
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ile “Kita Sahanligi Sinirlandirma Anlasmast”
disinda Akdeniz ve Ege'de deniz yetki

alanlarinin  simirlandirilmas1  anlasmasi
yapmamistir.

Tirkiye, Akdeniz ile Ege Miinhasir
Ekonomik Bolgesindeki stratejisini
ivedilikle olusturmali ve hayata
gecirmelidir. Tiirkiye'nin stratejisi;

gelecekte meydana gelebilecek o6nceden
tahmin edilemeyen tiim durumlar ve kismi
belirsizlik kosullarini dikkate alarak milli
ve sair iktisadi menfaatlerini korumay1
amagclayan siyasetine uygun olarak hedefler
belirlemesi ve buna iliskin gereken
tedbirleri almasi, her turli araci kullanmasi
ve dlzenlemeleri yapmasi olmahdir.
Tiirkiye’'nin, s6z konusu stratejisini yasama
gecirmek, bolgede gelecege yonelik uzun
vadeli amaclarim1 gelistirmek, degisen
kosullara gore ongoriileri bigimlendirmek
ve sonuca varmak igin nelerin yapilmasi
gerektigini belirlemek amaciyla s6z konusu
stratejik analizi yapmasinin ve ayrica Dogu
Akdeniz'de enerji politikalarimiza iliskin
uzun vadeli amaclar gelistirmek ve sonuca
varmak icin nelerin yapilmasi gerektigini
ortaya  koymak amaciyla  stratejik
yonetim uygulamasinin uygun olacagl
diistintilmektedir.

Tiirkiye i¢ ve dis paydaslarin goriislerini
dikkate alarak Akdeniz ve Ege MEB’ndeki
vizyon, misyon ve amaglarini tanimlayarak,
uzak ve yakin ¢evre analizi ile GZFT (Gigli
ve Zayif Yonler, Firsatlar ve Tehditler)
Analizi yaparak stratejisini iretmeli,
uygulamali, s6z konusu bdlgelere ilisin
teknik veriler, belgeler, deniz yetki alanini
gosterir haritalar vb. gerekli alt yapilar
hazirlayarak ve uluslararasi daha etkin
lobi ¢alismasi yaparak irettigi stratejisini
uygulamali, uyguladig1 stratejiyle istenen
sonuglarin alinip alinmadigin belirlemek
icin stratejisini degerlendirmeli, izlemeli ve
gelistirmelidir. i¢ paydaslar siyasi ve askeri
karar vericiler, Enerji Bakanligi, Disisleri
Bakanligi, T.P.A.O, Tirkiye Bilimsel ve
Teknik Arastirma Kurumu vb. ilgili devlet

kurum ve kuruluslari ve diger kuruluslardir.
Dis paydaslar ise Dogu Akdeniz ve Ege
MEB’de yer alan kiyidas devletler, petrol
ve dogal gaz arama uluslararasi sirketleri
ve ilgili diger kuruluslardir. Dis paydaslar
arasinda isbirligi ya da c¢ikar catismalari
belirlenmelidir.

Tirkiye'nin Dogu Akdeniz’'de en uzun
kiytya sahip olmasi, MEB’'nde yiiksek
potansiyel enerji kaynaklarinin bulunmas;,
Tirkiye ve Kibris arasindaki stratejik
isbirligi o6nemli potansiyel i¢ giictir
Tirkiye'nin Akdeniz ve Ege’de hentiz MEB
ilan1 yapmamasi, s6z konusu kaynaklarin
cikarilmasinda ve ihracatinda teknik ve
finansal zorluk potansiyel dis zayiflik
olmaktadir. S6zkonusubdlgedeki potansiyel
enerji kaynaklarinin arastirilmasi  ve
cikarilmasina iliskin uluslararasi enerji
sirketleri ile konsorsiyuma girmesi, bolgede
MEB sinirlandirma anlasmalar1 konusunda
stratejik isbirlikleri Tirkiye agisindan
potansiyel firsatlardir. Tiirkiye'nin Dogu
Akdeniz MEB’'nde giivenligi ve cikarlarina
iliskin baslica tehdit unsurlar;; GKRY’nin
MEB sinirlamalarini uluslararas1 hukuka
aykir1 olarak yapmasi ve ilan ettigi ruhsat
alanlarinin bir kisminin Tirkiye'nin ilan
ettigi ruhsat alanlar ile ¢akismasi, Kibris
sorunu, Yunanistan'in hakkaniyet ilkelerine
uygun olmayan MEB simirlandirma
cabalari, bolgedeki devletlerin MEB'yi tek
tarafli olarak ilan etmesi, GKRY, israil ve
Yunanistan arasindaki yakinlasma, Filistin-
israil anlasmazhig), s6z konusu bolgede yer
almayan kiiresel giiclerin Dogu Akdeniz
politikalaridir.

BM Genel Kurulunun 2750/25 sayili
Karar1 ile MEB’'deki deniz yataklar1 ve
kaynaklar “insanligin Ortak Mirasr’ olarak
kabul edilmistir [58]. Buna istinaden,
Tirkiye ile Dogu Akdeniz’e kiyidas diger
iilkeler arasindaki sinirlandirmalar
uluslararasi hukukun ongordigi
hakkaniyet prensibine uygun bir yontemle
¢oziilmelidir. Hakkaniyet ilkelerine gore
cografyanin istiinliigii prensibince kiyilarin
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durumu ve uzunlugu dikkate alinmali ve
baslangi¢ olarak sinira esit uzaklik/ortay
hat esasinda belirlenmelidir.

Tirkiye'nin Dogu Akdeniz ve Ege'de
milli ve sair iktisadi menfaatlerini korumasi
ve bolgedeki stratejik roliinii arttirmasi
icin  “karasulart genisliginin  él¢iilmeye
baslandigi esas hatlardan itibaren 200 deniz
miline kadar Akdeniz ve Ege Tiirk Miinhasir
Ekonomik Bélgesi'ni ilan etmesinin” ve
sahildar devletler ile MEB sinirlandirma

anlasmalar1 yapmasinin uygun olacagi
diistintilmektedir. KKTC, zengin
hidrokarbon kaynaklarina sahip olup,

deniz yetki alanlarimin smirlandirilmasi
Tirkiye ve KKTC agisindan bir firsat
olusturmaktadir [59]. Bu nedenle, KKTC
ve Tiirkiye arasinda stratejik isbirligi
gelistirilmeli, s6z konusu bolgelerde MEB
sinirlandirmasina  iliskin  eylem plani
yapilarak uygulamaya konulmalidir.
Akdeniz ve Ege’de MEB ilani
yapilabilmesi i¢in oncelikle Karasulari
Kanunu'nda  bu konunun yer almasi
gibi i¢ hukukta diizenleme yapilmasi
gerekmektedir. Akdeniz ve Ege Tirk
Miinhasir Ekonomik Bolgesi ig¢in bir

kararnamenin  hazirlanarak  yirirlige
konulmasi, s6z  konusu  bolgelerde
MEB  smirlarinin  sahildar  tlkelerle

konsensus saglanarak belirlemesi, teknik
verilerin ve deniz yetki alanini gosteren
haritalarin hazirlanmasinin uygun olacagi
diistintilmektedir.

7. Sonug ve Degerlendirme

Diinyada dogal enerji kaynaklar
tiilkenmekte olup, yeni enerji kaynaklari
arastirllmaktadir. Diinya deniz trafiginin
%30’u, petroltasimaciliginin%25 ningectigi
Dogu Akdeniz, yliksek enerji potansiyeline
sahip hidrokarbon sahalarinin Kkesfi ile
jeopolitik ve jeostratejik acidan daha da
stratejik bir bodlge konumuna gelmistir.
Dogu Akdeniz’'de kesfedilen zengin dogal
gaz ve petrol rezervleri nedeniyle soz
konusu bolgede MEB simirlandirilmasi

anlagmalarinda sorun yasanmakta olup,
enerji kaynaklarmin paylasiminda bu
bolgedeki sahildar devletlerin daha getin bir
miicadele icerisine girmesi beklenmektedir.

Dogu Akdeniz’de yer alan kiyidas
tilkelerin sinirlarinin ¢akismasi nedeniyle
stz konusu bolgedeki devletler tiim sahildar
devletlerle antlasmaya gitmeden tek tarafl
olarak MEB sinirlarini ilan etmekte ve ikili
antlasmalar yoluyla stratejik isbirlikleri
yapmaktadir. Tirkiye'nin ilan ettigi ruhsat
alanlariin bir kismi GKRY’nin ilan ettigi
ruhsat alanlan ile ¢akismaktadir. Tirkiye,
GKRY’'nin imzaladigi kita sahanhigi/MEB
sinirlandirma anlagmalarinin gegersiz ve
uluslararas1 hukuka aykir1 oldugunu ilan
etmistir.

Ayrica, Yunanistanin MEB sinirlamasi
Tirkiye anakarasina yakin yarida yer
almasindan dolay1 hakkaniyet ilkelerine
gore yapilmadigindan uluslararasi
hukuka aykiridir. Yunanistan ile Tirkiye
arasindaki MEB simirlandirmasina iliskin
sorun uluslararast hukuka gore hakkaniyet
prensibine uygun bir yontemle ¢oziilmelidir.

Tiirkiye, simdiye kadar Dogu Akdeniz’ ve
Ege’de MEB ilan1 yapmamis, KKTC ile “Kita
Sahanligr Sinirlandirma Anlasmasr” disinda
Akdeniz ve Ege’de herhangi bir sahildar
devlet ile MEB sinirlandirilmasi anlasmasi
da yapmamistir.

Tirkiye, milli ve sair iktisadi
menfaatlerini  korumak ve stratejik
roliind arttirmak icin zengin hidrokarbon
yataklarina sahip olan Dogu Akdeniz'de
ve Ege’de Miinhasir Ekonomik Bolge
stratejisini belirlemeli, uygulamals, izlemeli
ve gelistirmelidir. Bu kapsamda, Tiirkiye'nin
Dogu Akdeniz ve Ege’de MEB sinirlarini
kiyidas iilkelerle ¢ok tarafli anlagmalar
yaparak belirlemesi, deniz yetki alanim
gosteren haritalar1 ortaya koymasi ve buna
iliskin i¢ hukukta diizenlemeler yaparak
sz konusu bolgelerde Miinhasir Ekonomik
Bolgesi'ni ilan etmesinin uygun olacagi
disiiniilmektedir. Ayrica, KKTC ile stratejik
isbirliginin gelistirilmesinin, Dogu Akdeniz
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ve Ege Denizi'nin bir baris denizi olmasina
yonelik daha aktif politika uygulayarak
uluslararasi girisimlerde bulunulmasinin ve
T.P.A.O.nin rekabet giiclinlin arttirilmasinin
faydali olacag distintilmektedir.

Ayrica, Dogu Akdeniz  Miinhasir
Ekonomik Bolgesi'nden ¢ikarilacak dogal
gazin diinya pazarlarina iletilmesinin
maliyet ve yatirim agisindan en ekonomik
yolunun Kibris tlizerinden Tiirkiye’'ye boru
hatt1 ile tasimak oldugu diistiniilmektedir.
Buna iliskin hukuki diizenlemelerin ve
teknik calismalarin yapilmasmin gerekli
oldugu disiiniilmektedir.

BMDHS'ne gore, ilkelerin séz konusu
yataklar ~ve  kaynaklar1  kullanirken
adil bir paylasim yapmasinin, MEB
siirlandirilmasina iliskin anlagmalarin
sahildar devletler ile konsensus
saglanarak hakkaniyet ilkesine gore
yapilmasinin hukuki bir gereklilik oldugu
disiiniilmektedir.  Tirkiye'nin =~ Akdeniz
ve Ege’de milli ve iktisadi menfaatlerini
korumak amaciyla s6z konusu bolgelerde
stratejisini olustururken ve uygularken
ayni zamanda uluslararas1 platformlarda
izledigi hakkaniyet ilkelerine O6nem
veren bariscil politikasint daha etkin bir
bicimde ortaya koymasinin faydali olacagi
diistintilmektedir.
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Abstract

In this study, the maneuvering performance of two tanker ships, KVLCC1 and KVLCC2 which have different
stern forms are predicted using a system-based method. Two different 3 DOF (degrees of freedom)
mathematical models based on the MMG(Maneuvering Modeling Group) concept areappliedwith the
difference in representing lateral force and yawing moment by second and third order polynomials
respectively. Hydrodynamic coefficients and related parameters used in the mathematical models of
the same scale models of KVLCC1 and KVLCCZ2 ships are estimated by using experimental data of NMRI
(National Maritime Research Institute). The simulations of turning circle with rudder angle +35°
zigzag(+10°/+10°) and zigzag (+20°/+20°) maneuvers are carried out and compared with free running
model test data of MARIN (Maritime Research Institute Netherlands) in this study. As a result of the
analysis, it can be summarised that MMG model based on the third order polynomial is superior to
the one based on the second order polynomial in view of estimation accuracy of lateral hull force and
yawing moment.

Keywords: Ship Maneuvering, MMG Model, Tankers.

Tankerlerin Manevra Hareketleri icin Matematiksel Modellerin Degerlendirilmesi

Oz

Bu ¢alismada farkli kig¢ formlarina sahip olan KVLCC1 ve KVLCCZ2 iki tanker gemisinin manevra
performanslart sistem temelli metoda dayali olarak tahmin edilmistir. Yanal kuvvetin ve savrulma
momentinin ikinci ve lictincii derece polinomlarla yazilmasi suretiyle, MMG (Matematiksel Modelleme
Grubu) konseptine dayali iki farkli 3 DOF ( serbestlik dereceli)matematiksel model uygulanmistir.
Matematiksel modellerdeki KVLCC1 ve KVLCC2 gemilerinin ayni élgekte modellerinin hidrodinamik
katsayilart ve ilgili parametreleri NMRI'nin (Ulusal Denizcilik Arastirma Enstitiist, Japonya) deneysel
verileri kullanilarak tahmin edilmistir. Bu calismada diimen agist +35° ile donme, zigzag(+10°/+10°)
ve zigzag(+20°/+20°) manevra simiilasyonlart MARIN'nin (Hollanda Denizcilik Arastirma Enstitiisii)
serbest model deney verileri ile birlikte yer almis ve karsilastirilmigstir. Analizler sonucunda, yanal tekne
kuvveti ve savrulma momentinin dogrulugu acisindan lictincii derece polinomla ifade edilmis MMG
modelinin ikinci derece ile ifade edilen modele gére daha tistiin oldugu gériilmektedir.

Anahtar Kelimeler: Gemi Manevra, MMG Modeli, Tankerler.
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1. Introduction

A design requirement for all marine
vehicles is adequate maneuvering ability.
Ship’s maneuverability is the ability of a
ship to keep or change its state of motion
under the control actions(i.e. tugboats
in the harbor maneuvers [1]). There are
different ways for the prediction of a ship’s
maneuverability, i.e. predictions based
on free running model tests, predictions
based on captive model tests, predictions
based on empirical methods, predictions
based on system identification methods,
predictions using viscous flow CFD
(Computational Fluid Dynamics) (using
RANS (Reynolds Reynolds Averaged
Navier-Stokes) codes) and predictions
using potential flow CFD (using panel
codes, vortex lattice and vortex blob codes)
[2]. Captive model tests are conducted with
a scale ship model in towing tanks where
the model is forced to move in a prescribed
manner. These tests are conducted to
determine the hydrodynamic coefficients
in the corresponding mathematical models.
Generally speaking, there are two distinct
groups of mathematical models for ship
maneuvering motion simulations according
to the manner to express the hydrodynamic
forces and moments acting on the vessel.
One of them is the so called MMG model
proposed by the Maneuvering Modeling
Group in Japanese Towing Tank Conference
[3]. Many applications based on MMG
mathematical model are available in the
literature [4, 6]. In the MMG mathematical
models, hydrodynamic forces acting on the
whole ship are decomposed into individual
parts of hull, propeller and rudder
respectively, while the interactions between
these parts are taken into account by a
series of coefficients. Compared to the other
group of mathematical models, the formal
models, an MMG model has a relative more
clear physical explanation for each term
contained in the model and is constructed
as simple as possible. Furthermore;

the structural form of the model allows
external disturbances caused by wind,
waves and currents to be easily integrated
into the maneuvering model. Inoue studied
hydrodynamic coefficients in the case of
maneuvering motions and suggested the
approximation formulae for estimation of
lateral force and moment [7, 8]. In Simman
2008 workshop, studies had been carried
out for the prediction of ship maneuvering
motions for three different hull forms which
are tanker (KVLCC1-KVLCC2), container
ship (KCS), and surface combatant (DTMB
5415) [9]. In this workshop, different ship
maneuvering prediction methods were
used. In the study using MMG model, hull
forces and moment were considered as the
function of drift angle and yaw rate. The
lateral hull force and yawing moment were
expressed by the third order polynomial
for KVLCC1, KVLCC2 and KCS hulls [10].
Also hydrodynamic coefficients and rudder,
rudder horn and propeller effects were
studied under different conditions for
KVLCC1 and KVLCC2 hulls [11]. Similar
studies were presented in the research
report [12]. Recently, the MMG standard
method was summarised by Yasukawa
[13] and an application was made using
experimental data for KVLCC2 hull. Here,
lateral force and yawing moment were
represented by third order polynomials.

In this study, two tanker hull forms
having different stern sections are examined
for the prediction of maneuvering motions.
In this regard, all hydrodynamic coefficients
and parameters in the MMG model have
been calculated from the experimental
data where the lateral hull force and
yawing moment are expressed by second
order and third order polynomials. Finally,
simulations are carried out and compared
with free running model test data in turning
circle and zigzag maneuvering motions.

2. Description of Hulls
Two tanker ship forms are examined
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here and one of them has barge type stern
frame-lines with a fine stern end bulb i.e.
relatively V-shaped frame-lines (KVLCC1)
while the other one has more U-shaped
stern frame-lines (KVLCC2). Figure 1 shows
the KVLCC1 and KVLCC2 body plans and full
scale. Additionally, the model dimensions of
these tankers are given in Table 1[14].

KVLCC 1: Solid line
KVLCC 2: Dashed line

Figure 1. Hull Forms of KVLCC1 and KVLCC2 [14]

3. Mathematical Model

A 3DOF model based on the MMG
mathematical model is implemented in the
simulations of ship maneuvering motions.
As can be seen in Figure 2, the origin of the
ship-fixed reference frame is located at the
mid-ship position and equations of motion
are written as follows:

*a

o -

]

Figure 2. The Body-fixed Coordinate Systems

Table 1. Dimensions of Hulls, Rudders and Propellers [14]

KVLCC1 KVLCC2
Full Scale NMRI MARIN Full scale NMRI MARIN
Scale 1.000 110.000 45.714 1.000 110.000 45.714
Main
particulars
Lpp (m) 320.0 2.9091 7.0000 320.0 2.9091 7.0000
Bwl (m) 58.0 05273 1.2688 58.0 0.5273 1.2688
T (m) 20.8 0.1891 0.4550 20.8 0.1891 0.4550
D‘Spléflf)ment 312738 0.2350 3.2737 312738 0.2349 3.2724
CB 0.8101 0.8101 0.8101 0.8098 0.8098 0.8098
LCG (m) 111 0.1009 0.244 111 0.1009 0.244
Rudder
S (m("lz’l'z?art) 112264 | 0.009278 0.05372 112.264 0.009278 0.05372
A (aspect ratio) 1.826 1.826 1.826 1.826 1.826 1.826
Turn rate (deg/s) 2.34 24.5 15.8 2.34 24.5 15.8
Propeller
D, (m) 9.86 0.0896 0.204 9.86 0.0896 0.204
n(D,/R,) 0.6237 0.6237 0.6237 0.6237 0.6237 0.6237
/-

97



© UCTEA The Chamber of Marine Engineers

Journal of ETA Maritime Science

Table 1. Dimensions of Hulls, Rudders and Propellers [14] (Cont’)

Service speed

v (m/si{i‘l)“ saler| 455 0.760 1.179 15.5 0.760 1.179
Fn 0.142 0.142 0.142 0.142 0.142 0.142
m(it — vr — xgr?) = X formula[15].
Hydrodynamic force acting on the hull
m(v +ur+xs#) =Y (1) in the x-direction is described as follows:

Izz7 + mxg (0 +ur) = N

In Figure 2, equations of motion, respectively
X, Y, N denote longitudinal force, lateral force,
and yawing moment; i, denote the surge
acceleration, sway acceleration, and yaw
acceleration; u, v,and r denote the surge velocity,
sway velocity, and yaw rate in the ship-fixed
reference frame. Besides, m is the mass of ship;
L,is the moment of inertia about z axis; Xx,is the
longitudinal location of the ship’s gravity center
from mid-ship position; U(=vuZ+»Z) is the
total velocity; 8 = tan’(-v/u) is the drift angle; ¥
is heading angle; and 6 is rudder angle.

In the basic structure of the MMG model,
the representation of the forces and moment
in the horizontal plane are decomposed as
follows [6]:

X=XH+XP+XR
Y=YH+Yp+YR [2]

N=NH +Np+NR

The terms with subscripts H, P and R
refer to different contributions from the
hull, propeller and rudder.

3.1. Hull Forces and Moment

Hull forces and moment consist of
acceleration and velocity dependent
contributions. Since CMT experimental
test fail to find added masses and added
inertia moment, corresponding coefficients
can be estimated using proper empirical

Xy = -myit + X + K? + (X +myJor 4 Xr? + Xt (3)

Velocity dependent force and moment
of lateral force and yawing moment on the
hull can also be decomposed into linear
and nonlinear terms. In general, second or
third order polynomial is chosen for non-
linear terms [16]. In the current analysis,
for Simulation A-C, third order polynomials
(Egs.4,5) are preferred while second
order polynomial (Eqgs. 6,7) is chosen for
Simulation B-D.

Model 1 (for Simulation A-C):

Ty =—myd + Y0 4 (% - mad)r + Guut® 4 Yot 4 Gty + Fomr® (4)

Ny = =Jo + Koo+ Nor 4 N0 o+ Nyt 4 Ny 0% 4 N (5)
Model 2 (for Simulation B-D):

Ny ==ty + Ko + (V= mgudr + Vgl |0+ Yyl wlr + Vglele + Yy Irle (6)

Ny =gt + Moo+ B+ Nygolole + Mgy ol + Bygolrlo + By el (7

3.2. Propeller Force
Hydrodynamic forces and moment due
to the propeller can be written as follows:

Xp = (1 = tp)Tp = (1 = tp)p?lsz"KTUp)
Yp =0 (8}
Np=0

where

KrUp) = ag + ayJp + azfp” )]

Jp = u(1 —wp)/(mDp) (10)
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In these expressions, t, is thrust
deduction factor; T, is propeller thrust
which is the force that allows the ships to
move; K, (J,) is open water characteristic of
the propeller which is assumed to be the
second order polynomial function of J; J,
is advance coefficient; n is revolutions per
second of propeller; w, is wake coefficient

at propeller; and D, is diameter of propeller.

3.3. Rudder Force

Hydrodynamic forces and moment due
to rudder can be expressed in terms of
rudder normal force as follows:

XR = _(1 - tR}FN.ana

Yp = —(1 + ay)Fycosé (11)

Ng = —(xg + ayxy)Fycosd

In the above equations, te a, x, are
interaction coefficients between hull
and rudder; X, is longitudinal coordinate
of rudder position which is -0.5 L and
rudder angle ¢ is positive for deflection to
starboard. Rudder normal force F, for the
rudder is defined as follows:

1
Fx = 5 pfaAsUr’sinaz (12)
fo = 6.132/(A + 2.25) (13)
Up = Vug® + v’ (14

| 8K, i
up=e(l-wp) n{1+k| [1+=—%-1|} +0-m  (15)
| njp

Vg = UyeBr = Uya(B = 1z'1")

ag = 86— Arctan(vg/ug) = 8 — vg/ug

(16)
(&)

In these expressions, A, is profile area
of movable part of rudder; f, is gradient of
the normal force coefficient which can be
estimated using Fujii's formula[17]; A is
aspect ratio of rudder which is calculated
by movable part of rudder and rudder

height; u, and v, are longitudinal and lateral
component of the effective inflow velocity
at the rudder; ¢ is ratio of wake fraction
at propeller and rudder; k is experimental
constant for expressing u, n is ratio of
propeller diameter to rudder height; y, is
a coefficient for flow straightening; [ is
effective longitudinal position of rudder; 3,
is the effective inflow angle to the rudder
in maneuvering motions; and @, is the
effective inflow angle to the rudder.

4. Extraction of Hydrodynamic
Coefficients and Parameters

One of the methods used to determine
the hydrodynamic coefficients and related
parameters is to perform a series of
experimental studies on a specific scale
model of the full scale ship. In this section,
experiments of 1/110 scaled KVLCC1
and KVLCC2 models belonging to NMRI
in the Simman 2008 workshop were
discussed[18]. These are resistance test,
self-propulsion test, open water test of
propeller, rudder test, oblique towing test,
and circular motion test. For related tests,
the speed of the model was 0.76 [m/s],
which corresponds to the speed of the full
scale ship (15.5 [knot]). As seen in Table
2, the related terms were derived from
different experimental types.

Table 2. Test Types for Related Parameters

Test Type Related Parameters
Open Water

Propeller K (@, a,a)
Resistance X'

0

Self Propulsion
Test

(1-t,),(1-w, )

Static Rudder Test (1-t,), a,x, &k

XX, X'X
w2 Ao s A s Ay
y vty oy oyt oy
) ) v e Lo Lo Lo Lo
Circular Motion Y Y Y 'Y
Ivlv Ivr Irlv Irlr
Test N',N',N ',N ',N ',N '
v N s Nps N s Ny
Ivlv 7 N/v/r 4 Nlr/v 4 N/r/r
yR' R
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The parameters of the open water
characteristic of the propeller(a, a, a,)
shown in Figure 3 are calculated by fitting
a second order polynomial to the data
obtained from the open water propeller
test. In order to calculate X, as shown in
Figure 4, the longitudinal force magnitude
corresponding to the service speed is taken
into consideration for the hull with rudder
attachment at four different speeds in the
resistance test. The thrust deduction factor
to wake coefficient w, and revolutions per
second of propeller n were determined by
using the self propulsion test in Figure 5.

0,35
03
0,25 + Kt
—— Polynominal

02 04 06 0,8 1
1p

Figure 3. Open Water Propeller Test for KVLCC1
Model

ulmfs]
0,55 06 0,65 o7

o
05 |
-1

4,5

0,75 0,8 0,85

®2 .
2,5
3 1 *
35 1
4

Figure 4. Resistance Test for KVLCC1 Model

my's)
0,55 0,65 wm/e) 0,75 085

0,25
0.2 .

0.15 n=16.81 rps *

n=18.75 rps

*
n=14.31 rps

0,05

*
01 - n=17.68 rps

Figure 5. Self-propulsion Test for KVLCC1 Model

In the static rudder test, the rudder is
held at different angles while the hull is
moving linearly. Also, in this experiment,
three different loading ( J;= u/nD,;n was
changed) were applied on the propeller. In
the static rudder test, the lateral and radial
velocities of the hull are zero because of
the linear motion of the hull (v=r=0). As a
result, the rudder forces and moment are
expressed as follows:

X=Xy — (1 = tp)Tp = Xg = —(1— t,)Fysiné
Y =Yy =-(1 + ay)Fycoss (18)
N = N = —(x + ayx,)Fycoss

From the above equations, hull-rudder

interaction coefficients (tR, a, XH) are
calculated by the curve to be fitted to the

L
= |s=0,559

w j5=0.480

Is=0.343

000 "._
oo B, g 001 001 a2 L1
oF T
.
o0k 2
03
B/ unib)
- .04
= « I=0,599
. = Js=0,350
- h=0,343
002
'
. -
> [T
0.03 o2 o oo o
]
002 .
L
"
[}
0
FueoniB)
0.0
+ ls=0589
® |5=0 480 o
15=0,343
0.0
-
£ 000 M
003 0.02 i oo2 oM

a0
Fean(8]

Figure 6. Estimation for Interaction Coefficients
for KVLCC1 Model
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relationship between rudder forces and
moment (XR, Y, NR) and rudder normal
force F, multiplied by cosé (or siné) as seen
in Figure 6. For interaction coefficients the
model self propulsion point was selected as
the propeller loading point.

Another parameter lateral effective
inflow velocity at the rudder equals zero in
the same experiment (v, = 0). As a result,
the normal force of the rudder in Egs. 12 is
written as follows:

1
Fy= Epfﬂﬁnugzsfnd (19)

The longitudinal effective inflow
velocity at the rudder u, is calculated
with the help of the measured rudder
normal force. In addition, the open water
characteristic of the propeller K,.(], ), the
advance coefficient J, and the flow velocity
in the propeller u, (=u(1-w,)) in Egs. 15 are
calculated at each propeller loading. Thus,
€ and k are calculated from the relationship
between u,/u,and 1+8Kr/njp* -1 and
given in Figure 7.

25 3 35 4

q'l + 8Ky /afpt -1

Figure 7. Relation Between u,/u,, and ,’l + 8Ky /)" - 1

Hydrodynamic coefficients of hull forces
andmoment(XW',Xw',YV',Yr',NV',Nr',....etc.)
are obtained by circular motion test results
and these tests were done at different sway
velocities and yaw rates, while rudder
angle is zero and the model runs at ship
self-propulsion point. With the help of
interaction coefficients calculated here,

lateral and yaw rate dependent variation
of total hull force and moment is obtained
by subtracting the propeller and rudder
force and moment from the total force and
moment. As a result, the hull forces and
moment are expressed as follows:

XH' = X—{l == tp}Tp
YH =Y+ (1 +GH)F~ [20)
N.ﬂ' =N+ (XR + GHJQ.!)FN

Figure 8 shows the surfaces which
are fitted to the nodal values of the forces
and moments. Coefficients of the two
variables polynomial that define the
surface correspond to hydrodynamic
coefficients of mathematical models. Thus,
the hydrodynamic coefficients of hull forces
and moment are calculated.

006

MODEL-1,2

o
¢

Figure 8. Relationship Between Lateral Velocity and
Yaw Rate of Hull Forces and Moment of KVLCC1 Mo?el

oz 4%
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e )
Fy 08 0z ¢

Figure 8. Relationship Between Lateral Velocity

and Yaw Rate of Hull Forces and Moment of
KVLCC1 Model (Cont’)

For the calculation of coefficient
for flow straightening y, and effective
longitudinal coordinate of rudder IR’, which
are calculated from the condition that the
rudder normal force is zero, again using
the CMT data. The rudder normal force is
dimensionless and is obtained as follows
[13]:

,F'!‘,r = %%ﬁ‘-[:uﬂlz + uﬂ'z}sin(ﬁ —vg' fug) (21)

If a derivative is derived from Egs. 21
in terms of 6§, the following equation is
obtained:
dPy Afa

do Ld G2)

{uglz + vglz)cos(d - FR'/H.RI)

From the equation of zero normal force

condition, §,,,=v,'/u," equals to Eqs. 22 as

follows:

dF,’ Af,

d—; = :d ug2(1+8my02)  (23)
E=8ry0

As a result, for the component in the
longitudinal direction of the flow velocity
in the rudder, the following formula is
obtained:

; dFy
Y * [

r

u," is calculated from the §,, and
dF,’/d§  magnitudes obtained from
experiments. Thus, the component in the
lateral direction of the flow velocity in the
rudder v, is calculated from v," = u," §,,.
Utilizing Egs. 16, as shown in Figure 9, y,
and [," are computed with the aid of curve

fitting in relation to - v,'.

Ld 1
P
d=so fa (1 + 8pno”®)

(24)

o4

83| 1 e

Figure 9. Relationship Between 3,-v," of KVLCC1
Model

Twosetsofsimulationshavebeencarried
outhere. Simulations A and C are performed
based on Model 1 while simulations B and D
are performed based on Model 2. Both ship
forms were simulated in each set; KVLCC1
was examined in simulations A and B while
KVLCC2 was examined in simulations C
and D. For KVLCC1 and KVLCC2 models, all
parameters in each mathematical model
are given in Tables 3,4,5,6.

Table 3. Parameters for Propeller Force

Simulation Simulation
A-B C-D
(KVLCC1) (KVLCC2)
n(rps) 17.69 17.93
1-t, 0.811 0.768
1-w, 0.579 0.543
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Table 4. Parameters for Rudder Force

Simulation Simulation
A-B C-D
(KVLCC1) (KVLCC2)
1-t, 0.849 0.811
a, 0.428 0.436
x,’ -0.407 -0.381
€ 1.051 1.12
k 0.529 0.495
Y (B,<0) 0.367 0.397
Yo (B, >0) 0.605 0.643
L' -0.687 -0.708

Table 5. Hydrodynamic Coefficients for Hull
(KVLCC1)

Simulation A Simulation B

X, -0.0212 X, -0.0212
X, -0.0742 X, -0.0742
X, +m/ | 02154 [ X'+m’ | 02154
X, 0.0121 X' 0.0121
Xy 1.0510 X 1.0510
Y, -0.2968 Y, -0.1720
Y -m, 00550 | v'-m/ 0.0438
Y, -1.6200 V' -0.8756
Y, 0.0091 v, 0.0739
Y, 0.3616 Y, -0.2978
Y, -0.3823 Y, 0.0232
N, -0.1415 N, -0.1583
N, -0.0490 N, -0.0439
N, -0.0025 Ny 0.0529
N, -0.0111 N, -0.0649
N, -0.2741 N, 0.0560
N, 0.0612 N, -0.0129

Table 6. Hydrodynamic Coefficients for Hull
(KVLCC2)

X, -0.0213 X, -0.0213
X, -0.0473 X, -0.0473
X, +m' | 02241 | X'+m' | 02241
/-

Table 6. Hydrodynamic Coefficients for Hull
(KVLCC2) (Cont")

X, 0.0106 X, 0.0106
0.8206 X, 0.8206
Y, -0.3139 & -0.1886
Y'-m' 0.0607 Y'-m' 0.0510
v, -1.5890 Y -0.8705
Y 0.0071 Y, 0.0705
Y, 0.3652 Y, -0.3105
Y, -0.3915 Y, 0.0196
N, -0.1371 N, -0.1502
N, -0.0486 N, -0.0422
N, -0.0311 N 0.0329
N’ -0.0124 N, -0.0716
N, -0.2903 N, 0.0506
N, 0.0558 N, -0.0150
In this section, length is non-

dimensionalized by L, linear velocities
are non-dimensionalized by U, angular
velocity is non-dimensionalized by U/L,
masses are non-dimensionalized by (1/2)
pLZd, inertias are non-dimensionalized by
(1/2)pL*d, forcesare non-dimensionalized
by (1/2)pLdU? and moment are non-
dimensionalized by (1/2)pL?dU-.

5.Results and Discussions of Simulations

Turning circle tests (6 = *35°) and
zigzag maneuvering tests (6 = #10° & =
+20°) are simulated with the help of the
hydrodynamic coefficients and related
parameters obtained from the CMT data.
Results of the simulations are compared
with free running model test results
which were obtained in al/45.714 scaled
model (L = 7.000 m) by MARIN (Maritime
Research Institute Netherlands) [18]. In the
simulations, initial approach speed is 0.76
m/s andpropeller revolution is constant
throughout the simulations. Simulation
results are given in non-dimensional form
to provide comparison.

As shown in Figure 10, the simulation
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results of the mathematical models are
given for the KVLCC1 hull in terms of turning
trajectories, ratio of total velocities to initial
total velocities, drift angles and yaw rates for
starboard-port turning circle maneuvering
motions. Also, advance, tactical diameter,
transfer indices and absolute errors are
given in Table 7. In general, Simulation
A shows better agreement with the free
running model test results compared to
Simulation B. However; the results of both
simulations at portside turning circle tests

not create a problem for small amplitude
motion, but, for harsh maneuvering motion,
this leads differences between test results
and estimation of the trajectories of turning
portside and starboard. Because, wake
coefficient calculated from self-propulsion
test is closed to the coefficient for starboard
turning motions. For this reason, the
portside turning simulation is not as good
as the starboard turning simulation.

Figure 11 and Figure 12 show simulation
results of the mathematical models for the

—— SIMULATION A —— SIMULATION B —— FREE TEST_KVLCC1

Figure 10. Turning Circle Test of KVLCC1 (Rud. ang:-35° & 35°)

Table 7. Comparison of Turning Indices of KVLCC1 Model

Simulation . . . Absolute Absolute

Type Indices Exp. Sim. A Sim. B Error A Error B
Turnin A 3.28 3.26 3.28 0.02 0.00
circle (stlg)) D’ 3.28 3.34 3.37 0.06 0.09
’ T, 1.30 1.43 1.48 0.13 0.18
Turnin A} 3.19 3.11 3.13 0.08 0.06
circle ( ogrt) D, 3.07 3.08 3.06 0.01 0.01
P T, 1.17 1.32 1.34 0.15 0.17

diverge from the free running model test
results. This can be explained as follows:
the wake characteristic of the propeller
is not symmetric; therefore, constant
acceptance of the wake coefficient does

KVLCC1 in terms of ratio of total velocities
to initial total velocities, drift angles, yaw
rates as well as heading angles for zigzag
(¥10°/£10° and #20°/+20°) maneuvering
motions. In Table 8, the first overshoot angle
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and the second overshoot angle indices
and absolute errors are given for KVLCC1
hull. For zigzag (+10°/+10°) maneuvering
motions, Simulation A gives more accurate
results than Simulation B in terms of

40+

40

overshoot angles in comparison to free
running model tests. For zigzag (£20°/+20°)
maneuvering motions, Simulation A and
Simulation B give similar results.
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—— SIMULATION A —— SIMULATION B —— FREE TEST_KVLCC1

Figure 11. Zigzag Test of KVLCC1 (Rud. ang: -10°/10°& 10°/-10°)

5 W0 15 W 2
WL

0 5 1015 0 25
Well.

510 15 w2
Wy

—— SIMULATION A —— SIMULATION B —— FREE TEST_KVLCC1

Figure 12. Zigzag Test of KVLCC1 (Rud. ang: -20°/20° & 20°/-20°)
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Table 8. Comparison of Zigzag Indices of KVLCC1 Model

Simulation Absolute Absolute
Indices (°) Exp. Sim. A Sim. B Error A Error B
Type
_ . 15 0SA 8.4 7.62 9.99 0.78 1.59
Zigrag (10°/-10°) | 5 ggp 19.6 23.06 24.98 3.46 5.38
. o 15 0SA 10 11.22 14.99 1.22 4.99
Zigrag (-10°/10°) | 5 ggp 16.1 15.16 16.89 0.94 0.79
_ . 15 0SA 13.9 12.72 12.94 1.18 0.96
Zigrag (20°/-20°) | 5 hga 15.5 18.83 17.42 3.33 1.92
_ S 1% OSA 15.4 16.99 16.73 1.59 133
Zigrag (-20°/20°) | 9ui gsp 13.2 14.9 13.36 1.70 0.16

With similar simulations for the other similar case is observed for the portside
tanker form which have different sternform, turning circle test and the trajectory
Figure 13. shows it when compared with  parameter is diverged from the free
experimental results of trajectory, speed running model test results. Advance,
loss, drift angle and yaw rate parameters tactical diameter, transfer indices and
for the turning circle test, Simulation C gives  absolute errors are given for KVLCC2
more accurate results than Simulation D. A hull in Table 9.

0
WL o 10

20
UL
FREE TEST_KVLCC2

t‘l’.‘,’iﬂ
—— SIMULATION C SIMULATION D
Figure 13. Turning Circle Test of KVLCC2 (Rud. ang:-35° & 35°)

Table 9. Comparison of Turning Indices of KVLCC2 Model

Simulation . . . Absolute Absolute

e Indices Exp. Sim. C Sim. D Error C Error D
Turnin A 3.25 3.27 3.30 0.02 0.05
elo ot D, 3.34 3.40 3.44 0.06 0.10
circle (stb) T, 1.36 1.47 1.52 0.11 0.16
Turnin A, 3.11 3.12 3.14 0.01 0.03
e ; grt) D, 3.08 3.12 3.10 0.04 0.02
cirele Lpo T, 1.22 135 1.38 0.13 0.16
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As it can be seen from Figure 14.
and Figure 15. for zigzag (+£10°/+10°
and *20°/+#20°) maneuvering motions,
simulation results of the same parameters
are given. For zigzag (+£10°/£10°)
maneuvering motions, Simulation D gives
more accurate results than Simulation C.

Similarly, the results of both simulations
are approximately the same for zigzag
(¥20°/£20°) maneuvering motions. In Table
10, the first overshoot angle and second
overshoot angle indices and absolute errors
are given for KVLCC2 hull.
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Table 10. Comparison of Zigzag Indices of KVLCC2 Model

Simulation Type Indices (°) Exp. Sim. C Sim. D %‘;_Sr(:)l:ée l:al:'i(()’lru]t)e

_ . 1% OSA 8.2 6.27 7.95 1.93 0.25
Zigrag (10°/-107) 2 OSA 21.9 16.8 18.39 5.10 3.51

_ o 15 0SA 9.5 8.98 11.44 0.52 1.94
Zigrag (-10°/107) 2 OSA 15 11.18 12.58 3.82 2.42

) e 15 0SA 13.7 1116 10.96 2.54 2.74
Zigzag (20°/-20)) 2 OSA 14.9 16.52 15.36 1.62 0.46

_ S 15 0SA 15.1 14.58 14.33 0.52 0.77
Zigrag (-20°/207) 21 OSA 13.3 12.6 11.67 0.70 1.63

6. Conclusions

In this study, hydrodynamic coefficients
and parameters are defined by taking
advantage of experimental data on KVLCC1
and KVLCC2 scale models by applying MMG
method for maneuvering simulations. The
MMG method is chosen from a selection
of formerly developed mathematical
methods due to its easy implementation
and well agreement with actual results.
In this method, the lateral hull force and
yawing moment are stated in two different
forms, as second order and third order
polynomial. These mathematical models
are checked for compliance with the free
running model tests via turning circle and
zigzag maneuvering simulations.

It is found that Model-1 gives better
results in the starboard and port turning
circle maneuvering motions for KVLCC1 and
KVLCC2 hulls. Especially, at the later time
of the simulation, the trajectory parameter
moves away from the real value of the port
turning circle simulation in both models. In
zigzag (+10°/+10°) maneuvering motions,
Model-1 for KVLCC1 hull and Model-2 for
KVLCC2 hull are closer to free running
model test results. In zigzag (+20°/+20°)
maneuvering motions, both models give
approximately the same results, which are
in a good agreement with the free running
model test results. It can be concluded that,
the MMG model generated by the lateral hull
force and yawing moment expressed by the

third order polynomial gives more realistic
results when taking all of the simulations
into account.

Since, all the analyses conducted at this
research are based on the experiments for
two ships, this is not enough to evaluate
general conclusions for the maneuvering.
Therefore; for future works, experiments
with different scale models and different
ships should be analyzed in order to gain an
extended insight. Thus, a general result for
maneuvering can be concluded.
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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 %
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be separated with comma and numbers 1] Nas, S.and Fiskin R. (2014). A research
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International Maritime Health, 2104:
Average age: 28,624 65(4):187-191.
Number of participants: 1.044 people Book
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10. Page numbers, headers and footers arastirma  yontemleri.  Sakarya:
should not be added to the study. These Sakarya Yaymcihik.
adjustments will be made by the journal  Thesis
administration. [3] Atik, 0. (2013). Takim liderliginin
mesleki kiiltiir yoniinden incelenmesi:
11. Authors are deemed to have accepted Gemi kaptanlar1 tizerine bir calisma,
that they have transferred the copyright Doktora Tezi, Dokuz Eyliil Universitesi,
of their studies to the journal by Sosyal Bilimler Enstitiisii, {zmir.
submitting their studies to our journal. [pternet
Submitting a study to two different [4] Devlet Planlama Teskilati Miistesarlig.
journals simultaneously is not suitable (1999). VIIL Bes yillik kalkinma plani
within the frame of academic ethics. hazirlik calismalari. Erisim Tarihi: 5
Mayis 2001, http://plan8.dpt.gov.tr/.
12. Itisrequired thatthe 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.
13. Citationsin the study should be designed

inbrackets by numbering [1]. References
also should be numbered in brackets as
well. References should be prepared as
per similar examples shown below:
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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 %

9. Makaleicgerisinde ondalikkesirlervirgil Makale

ile sayilar ise nokta ile ayrilmalidir.

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

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

11. 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.

12. 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 yayinlandig yer ile
ilgili dergi editorliigiine bilgi verilmelidir

13. Calisma icinde yer alan atiflar parantez
icinde numara verilerek yapilmalidir
[1]. Atiflarda oldugu gibi kaynaklar da
parantez icinde numaralandirilmahdir.
Asagida gosterilen benzer Orneklere
gore kaynakca hazirlanmalidir:

[1] Nas, S.and Fiskin R. (2014). A research
on obesity among Turkish seafarers.

International Maritime Health,
2104:65(4):187-191.

Kitap

[2] Altunisik, R. (2010). Sosyal bilimlerde
arastirma yontemleri. Sakarya:
Sakarya Yayincilik.

Tez

[3] Atik, O. (2013). Takim liderliginin
mesleki kiiltiir yoniinden incelenmesi:
Gemi kaptanlar1 lizerine bir calisma,
Doktora Tezi, Dokuz Eyliil Universitesi,
Sosyal Bilimler Enstitiisii, {zmir.

Internet

[4] Devlet Planlama Tegkilati
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Erisim Tarihi: 5 Mayis 2001,http://
plan8.dpt.gov.tr/
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editorlere yardim ederler ve ayrica
metinlerin iyilestirilmesinde yazarlara
yardimci olabilmektedirler.

Tarafsizlik

Objektif bir karar degerlendirmesi,
daima hakemler tarafindan yapilmaktadir.
Hakemler, uygun destekleyici iddialarla,

actk  bir gsekilde gorslerini ifade
etmektedirler.

Kaynaklarin Referansi

Hakemler ayrica, kendi bilgileri

dahilindeki yayinlanmis diger herhangi
bir makale ile dergiye gonderilen metin
arasinda herhangi 6nemli bir benzerlik
veya Ortiisme ile ilgili olarak editora
bilgilendirmelidir.

D. YAZARLARIN SORUMLULUKLARI:

Bildirme Standartlari

Dergiye gonderilen bir metin 6zgiin
olmalidir ve yazarlar, metnin daha dnce
herhangi bir dergide yaymlanmamis
olmasint saglamalidirlar.  Arastirmanin
verileri,makaledetamolarakbelirtilmelidir.
Dergiye gonderilen bir metin, baskalarinin
calismay1 tliretmesine izin vermek {izere
yeterli detay ve referanslari icermelidir.

Ozgiinliik

Calismalarin1  dergiye  gondermek
isteyen yazarlar, ¢alismalarinin tamamen
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 ¢calismalariyla ilgili olarak
uygun referanslar verilmelidir. Yazarlar,
calismalarinin  belirlenmesinde  etkili
olmus yayinlara referans vermelidirler.
Calisma stirecinde kullanilan kaynaklarin
tlmii belirtilmelidir.

Makale Yazarhig1

Makale yazarligl, c¢alismaya kayda
deger katkida bulunan kisilerle smirh
olmalidir. Arastirma stlrecine 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 ¢catismasini 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 ytikiimliiltikleri vardir.
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