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EDITORDEN / EDITORIAL

Degerli Meslektaglarimiz ve Okurlar,

Yedi adet arastirma makalesinin sunuldugu Gemi ve Deniz Teknolojisi 225. sayisinda; pasif yalpa tanki ile gemi
yalpa hareketlerinin soniimlenmesi, gemi kazan arizalarinin incelenmesi, tersanelerde tedarikgi segim
faktorlerinin incelenmesi, dalgalardan enerji elde eden bir sisteme iliskin model deneylerini temel alan bir
calisma, gemi kazalarinda denizcilik sozlesmeleri ihlalleri, silindirlerde meydana gelen girdap kaynakl
titresimlerin incelenmesi, sefer planlamasinda gemilerin karbon ayak izinin azaltilmasi konularinda makaleler
sunulmustur. Degerli katkilari i¢in yazarlara, hakemlerimize ve dergi personeline tesekkirlerimizi sunariz.

Gemi ve Deniz Teknolojisi dergisi olarak son alti aylik donem igerisinde takip ettigimiz denizcilik teknolojilerini
ilgilendiren etkinlikleri bilgilerinize sunuyoruz. Gemi, Yat ve Hizmetleri ihracatgilari Birliginin diizenledigi 13.
Gemi ve Yat Tasarimi yarigmasi baslatildi, katiimcilar yarismada Tiirk denizlerinde ve agik denizlerde seyir
yapabilecek min. 40 m boyunda balikgi gemisi (fabrika balikgi, canli balik tagima, trol veya gir-gir ¢eken)
tasarimi yapacaklarl. Son alti ayin 6nemli bir bilimsel etkinligi istanbul Teknik Universitesi Denizcilik Fakiiltesi
ve TMMOB Gemi Makineleri isletme Miihendisleri Odasr’nin diizenledigi 5th Global Maritime Congress, 20-21
Mayis 2024 giinlerinde Tuzla’da gergeklesitirildi2. Diger bir etkinlik PER-CON B2B, GISBIR ana destegi ile 20-21
Mayis 2024 tarihlerinde istanbul’da diizenlendi2. Etkinlikte, tedarikgi firmalar tersaneler, armatérler ve gemi
isletmecileri ile gorlismeler programlanarak bulusturuldu. 8. Mare Forum 22 Mayis 2024 giini Tuzla'da
yapildi4. KOSDER ve Alpha Marine Tirkiye is birligiyle 15 Mayis Carsamba giinii AB Emisyon Ticaret Sistemi
Uygulamalari Cergevesinde Gelecege Bakig baslikli bir panel gergeklestirildi2.

TMMOB GMO’nun duzenleyecegi 3. Uluslararasi Gemi ve Deniz Teknolojisi Kongresi 10-12 Aralik 2024
tarihlerinde Karadeniz Teknik Universitesi ev sahipliginde Trabzon’da diizenleneceké.

Diinya gemi ve deniz teknolojisi giindeminde yasanan yeni uygulamalar ve gelismeler is birligi ve iletisimin
6nemini daha da artiriyor. Bilimsel ve mesleki yazilarinizi dergimizde yayinlamaktan memnun olacagimizi
bildiririz.

Aralik sayimizda bulusmak tizere hogca kalin.

Dear Colleagues and Readers,

We are happy to introduce seven research articles. The subject areas of the articles are damping ship roll
motion using a passive rolling tank, examining ship boiler malfunctions, ivestigating supplier selection factors
in shipyards, a study based on model experiments on a wave energy converter, violations of maritime
conventions during ship accidents, investigating vortex-induced vibrations in cylinders, reducing the carbon
footprint of ships. We would like to thank the authors, referees and journal staff for their valuable
contributions.

As Ship and Marine Technology journal, we would like to inform you about the events related to maritime
technologies that we have followed in the last six month period. The 13th Ship and Yacht Design competition
organized by the Ship, Yacht and Services Exporters Association has been launched, the participants will
compete to design a fishing vessel to be operated in Turkish seas and oceans. The design length of fishing
vessel is minimum 40 m, vessel type may be factory fishing, carrying live fish, trawling or purse seinert. The
important scientific event of the last six months is the 5th Global Maritime Congress, organized by Istanbul
Technical University Maritime Faculty and TMMOB Turkish Chamber of Marine Engineering Engineers, was
held in Tuzla on 20-21 May 20242. Another event PER-CON B2B, was held in Istanbul on 20-21 May 2024, with
the main support of GISBIR3. At the event, supplier companies met buyers composed by shipyards, shipowners
and ship operators by scheduling B2B meetings. The 8th Mare Forum was held in Tuzla on 22 May 20244, A
panel titled looking to the Future within the Framework of EU Emission Trading System Applications was held
on Wednesday, May 15, in cooperation with KOSDER and Alpha Marine Turkey>.

The 3rd International Ship and Marine Technology Congress, organized by TMMOB GMO, will be held in
Trabzon, co-organized and hosted by Karadeniz Technical University, on 10-12 December 20248

New legislative applications and developments in the world agenda of ship and marine technology further
increase the importance of cooperation and communication. We would be pleased to publish your scientific
and professional articles in our journal.

We hope to meet you in our December issue.
Saygilarimizla / Regards.
Gemi ve Deniz Teknolojisi / GMO Journal of Ship and Marine Technology

! https://www.gemiyattasarim.org/TR/Yarisma/Sartname.aspx

2 www.globalmaritime.org

3 https://perconmeets.com/en-US/buyers

4 https://www.mareforum.com/events/8th-mare-forum-istanbul

5 https://kosder.org/portfolio-item/kosder-ve-alpha-marine-consulting-turkeyden-eu-ets-semineri/
6 https://www.gmoshipmar.com/
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(GMO-SHIPMAR 2024)

“Shipbuilding Towards Sustainability”
Green Ship, Al and Blue Economy for Marine Industry
10-12 December 2024, Karadeniz Technical University, Trabzon, Tiirkiye

Dear Colleagues,

On behalf of the 3rd International Congress on Ship and Marine Technology (GMO-SHIPMAR 2024)
organizing committee, I am excited to announce our upcoming event, to be held in Trabzon, Turkiye, from
December 10th to December 12th, 2024. (https://www.gmoshipmar.ore/GMOSHIPMAR?2024/)

This Congress is organized by The Turkish Chamber of Naval Architects and Marine Engineers (GMO) and
hosted by Karadeniz Technical University. Our primary objective is to provide a platform for presenting and
analyzing research activities conducted by both public and private entities. Additionally, we aim to explore
technological innovations arising from Ship and Maritime Technology activities. The event will coordinate
and promote emerging proposals and establish a forum for discussing current needs and trends in the maritime
sector.

The conference will facilitate the presentation and discussion of contributions, studies, works, and experiences
related to the latest advancements, technological innovation, and research in Ship and Maritime Technology.
We look forward to your participation and engaging in enriching discussions on the future of maritime
technology and research.

Authors are kindly requested to submit abstracts, by September 1st, 2024, at the following link:
https://cmt3.research.microsoft.com/GMOSHIPMAR2024/

If you have any questions or need further assistance, please don't hesitate to contact us. kongre@gmo.org.tr

Best regards,
Prof. Dr. Ercan KOSE
Chair

Contact:

kongre@gmao.org.tr

Congress dates: 10 - 12 December 2024

Link for congress site and paper submission: https://www.gmoshipmar.org/GMOSHIPMAR2024/
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Pasif Yalpa Tanki ile Gemilerde Parametrik Yalpa Hareketinin
Sonumlenmesi

Emre Pesman !, Hasan Olmez 2, Metin Taylan 3

1Gemi insaati ve Gemi Makineleri Miihendisligi Bliimii, Siirmene Deniz Bilimleri Fakiiltesi, Karadeniz Teknik
Universitesi, Trabzon
2Gemi Makinalari isletme Miihendisligi B6limdi, Siirmene Deniz Bilimleri Fakiiltesi, Karadeniz Teknik
Universitesi, Trabzon
3 Gemi Makinalari isletme Miihendisligi Béliimii, Gemi insaati ve Denizcilik Fakiiltesi, istanbul Teknik
Universitesi, istanbul

! (sorumlu yazar), pesman@ktu.edu.tr, ORCID: 0000-0003-3529-3619
2 hasanolmezktu@gmail.com, ORCID: 0000-0001-5351-4046
3 taylan@itu.edu.tr, ORCID: 0000-0003-1701-8699

OzET

Bu calismada U-tlip formlu pasif yalpa 6nleyici tanklarin mekanik séniimleyici olarak kullaniimasinin
parametyrik yalpa hareketi izerindeki etkileri arastirilmistir. Ozellikle, birlikte ¢dziimii yapilan yalpa
haraketi denklemi ile tank icindeki akiskanin hareket denkleminin baslangi¢ sartlarinin yalpa 6nleyici
pasif tankin performansini nasil etkiledigi Gzerinde yogunlasilmistir. Parametrik zorlamali yalpa
hareketi, dalip-¢ikma ve bas-kig vurma hareketlerinin zamanla degisen geri getirici moment terimi ile
temsil edildigi bir serbestlik dereceli lineer olmayan bir denklem ile modellenmistir. Tank igindeki
akiskan hareketi de benzer sekilde bir serbestlik dereceli lineer olmayan bir denklem ile
modellenmistir. Bu iki denklem ve birbirleri Gzerindeki etkileri numerik yéntem kullanilarak ¢ozilmis
ve sonuglar zamana bagh olarak gosterilmistir. Bununla birlikte sonuglar baslangi¢c sartlari ve
maksimum yalpa genlikleri ile karsilastirmali olarak verilmistir.

Anahtar Kelimeler: Parametrik yalpa hareketi, Yalpa onleyici tanklar, Lineer olmayan etkiler.
Makale ge¢misi: Gelis 09/10/2023 — Kabul 08/03/2024

https://doi.org/10.54926/gdt.1079396
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Parametric Roll Motion Reduction of a Ship with a Passive Anti-Roll
Tank

Emre Pesman !, Hasan Olmez 2, Metin Taylan 3

1 Department of Naval Architecture and Marine Engineering, Surmene Faculty of Marine Sciences, Karadeniz
Technical University, Trabzon
2Department of Marine Engineering Operations, Surmene Faculty of Marine Sciences, Karadeniz Technical
University, Trabzon
3 Department of Naval Architecture and Marine Engineering, Faculty of Naval Architecture and Ocean
Engineering, Istanbul Technical University, Istanbul

! (corresponding author), pesman@ktu.edu.tr, ORCID: 0000-0003-3529-3619
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ABSTRACT

In this study, the influence of a U-tube passive anti-roll tank on parametric roll motion has been
investigated as a mechanical absorber of a dynamic system. Specifically, this paper concentrates on
how the initial conditions of a coupled roll motion and fluid motion in the tank act on the performance
of an anti-roll tank. Parametrically excited roll motion was modeled as a single degree of freedom
system incorporating heave and pitch effects by means of a time varying restoring moment. Fluid
motion in the tank was modeled as a single degree of freedom system. Coupled equations of motion
were solved numerically and the results were presented in time domain. Furthermore, the results were
comparatively depicted as maximum roll amplitudes vs. initial values for a ship with and without an
anti-roll U-tube tank.

Keywords: Parametric roll motion, anti-roll tanks, nonlinearities.
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1. Introduction

The first publications on parametric roll motion were appeared in 1930s and early 1940s by Watanabe
(1934) and Kempf (1938). Parametric roll motion has been studied by several researchers including
Graff and Heckscher (1941), Kerwin (1955), Paulling and Rosenberg (1959), Gawthrop et al (1988),
Sanchez and Nayfeh (1990), Nayfeh and Oh (1995) and Falzarano et al (1995). The first experimental
study was done by Paulling et al (1972) in San-Francisco Bay. Although its theoretical existence has
been known for a long time, parametric roll attracted a great deal of interest in recent years because
of the incidents that resulted in casualties. In October 1998, a Post-Panamax C11 class containership
encountered extreme weather and sustained extensive loss and damage to deck-stowed containers.
Then, it was understood that post-Panamax containerships tend to experience parametric roll motion
in extreme weather (France et al., 2003). These casualties led designers, researchers, and regulatory
authorities to initiate further research and investigations. Among these researchers, Spyrou (2000),
Neves and Rodrigues (2006), Bulian et al. (2004), Pesman and Taylan (2012) focused on nonlinear
aspects and effect of changing tuning factors on parametric roll motion. Some researchers focused on
probabilistic properties of parametric roll (Shin et al., 2004; ABS, 2004; Belenky, 2004; Hashimato et
al., 2006). The state of the art in methodology development and regulations in assessment of ship
intact stability can be found in (Francescutto, 2007). In recent years, researchers like Begovic et al
(2019), Cakici (2019) and Gapuroglu et al. (2023) focused on the parametric roll motion in the scope of
second-generation intact stability rules of International Maritime Organization (IMO).

A ship sails in longitudinal waves excited by the hydrostatic and hydrodynamic forces. Variation of
ship's underwater geometry with respect to wave crest position has an important role on roll motion.
Roll restoring moment of the ship changes as a function of wave crest position relative to ship length.
In other words, ships are excited by their varying underwater geometry with respect to wave crest
position along the ship length in longitudinal waves. In regular waves, this excitation is periodic with
a finite period and certain ratios of encounter and natural frequencies. The most dangerous situation
usually occurs in which wavelength is approximately equal to the ship length at an encounter
frequency twice (head waves) and equal (quarter waves) that of the roll natural frequency. In these
cases, the variation of restoring moment causes the roll angle increasing dramatically requiring
additional absorbers. In this study, U-tube passive anti roll tanks were considered as such mechanical
absorber.

Generally, anti-roll tanks can be divided into passive, controlled—passive, and active tanks. In 1874
Froude installed water chambers in the upper part of a ship to prevent the ship from large roll angles.
Then, Frahm began to use the U-tube tank in 1910 for the same purpose. Before World War Il, Frahm's
passive tanks had been installed in over 1,000,000 tons of German shipping fleet, including the
passenger liners Bremen and Europa (Gawad et al., 2001). Vasta et al. (1961) made a review of the
Navy’s development and installation of passive tanks. They worked on equations, model techniques
and tank design. Stigter (1966) derived the equations of motion of the fluid in the tank and obtained
the coupling terms between the ship and the tank. Today, many researchers consider Stigter's
equations of motion to be a classical basis for studies of U-tube tanks.

Bell and Walker (1966) investigated two types of controlled—passive tanks. First, control is affected by
valves in the water channel, and second, control is affected by valves in the air channel. They also
proposed an activated tank system with a propeller continuously driven in one direction to save power.
Webster (1967) made a detailed study of the control of pump-activated U-tube tanks. Vugts (1969)
designed and compared performance of four passive anti-roll tanks for the same ship.
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A comparative study between U-tube and free-surface passive tanks in regular beam seas was carried
out experimentally by Field and Martin (1976). Lewison (1975) proposed a mathematical model to
optimize the design of free-surface passive tanks. Barr and Ankudinov (1977) provided a critical review
of several predictive methods for roll motion and its reduction using anti-roll tanks. Webster et al.
(1988) presented a detailed study of free-flooding anti-roll tanks which made for major upgrade of the
USS Midway in 1986. Lee and Vassalos (1996) investigated the effect of flow obstructions inside the
tank.

In all of the above investigations, researchers concentrated on either theoretical manipulation of the
equations of motion or model testing and analyzing existing tanks. This study aims to present influence
of initial values on parametric roll motion of ships equipped with passive U-tube tanks.

Initially, parametric roll phenomenon has been examined practically with the Mathieu’s equation
(Mathieu, 1868). However, this equation is able to predict the stability boundaries only for the upright
condition. Setting up a mathematical model including nonlinear damping and restoring terms is
necessary to predict large roll amplitudes. In this paper, parametrically excited roll motion is modelled
as a single degree of freedom system which includes heave and pitch effects by means of time varying
restoring moment. This model may be considered as a simplified version of some earlier attempts
(Bulian, 2004). Unlike Bulian’s study, restoring moment variation is modelled by using only wave crest
and wave trough restoring moment curves. It has been observed that nonlinear effect of the passive
anti-roll tanks on parametric roll motion has not been studied in the literature. The study aims to
present the influence of passive anti-roll tank on parametric roll motion for various initial values of
passive anti-roll tanks. Roll motion analyses were held for head waves and after quarter waves in the
case study.

2. Equations of Parametric Roll Motion and Fluid Motion in Tank

In general, the equation of roll motion in regular longitudinal waves can be written as follows:

(Ixx + 5Ixx)¢ + B(¢' ®) + AGZ((P' t)=0 (1)

Where (I, + &1, )is the moment of inertia, ¢ is roll angle, B(¢) is damping function and AGZ (¢, t)
is restoring function. Eq. (1) may be re-written as.

2
¢+ b() + o= GZ(p,t) = 0 (2)
0

GMgyHere, w, is the roll natural frequency, is the metacentric height for calm seas and b b(¢) =
B(9)

Lex+81yy

In the above equation, GZ(¢, t) is approximated using the following expression, neglecting surge and

Froude-Krylov forces, as proposed by (Pesman and Taylan, 2012). Unlike Bulian’s study (2004), the

variation in restoring moment is simplified and modeled using only wave crest and wave trough

restoring moment curves.

2n-1
GZ(p,t) = Xn=1(Map_1 + kon_q cos(wet))e (3)
The coefficients “m” and “k” in Eq. (3) are obtained from righting lever curves in wave crest and wave
trough conditions.

Can-1,troughtCan—1,crest

Mop—1 = > (4)

_ C2n-1trough—C2n-1crest
k2n—1 - 2 (5)
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b(@) = 2up + Bolo| + ¢ (6)

In Eq. (4) and (5), “can1, crest and can.1, trough ” represent the coefficients of polynomials fitted to
restoring lever curves in wave trough and wave crest conditions, respectively and w,is the encounter
frequency. In this work, seventh degree polynomials are employed to develop the restoring lever
surfaces. The nonlinear damping term is used and is given in Eq. (6). The coefficients of the damping
function were addressed by Ikeda, Himeno and Tanaka (1978).

Substitution of Eqg. (6) and Eq. (3) in Eq. (2) leads to the following differential equation.

2n-1
9 <Z1I¥=1(m2n—1+k2n—1 cos(wet))p )
GM,

@+ 2up + Bolol + 8¢ + w =0 (7)

The restoring moment term of Eqg. (7) was developed to account for the encounter angle by
incorporating a simple function in front of kan1 coefficient. Pesman and Taylan (2011) calculated
restoring moment values for various encounter angles (x) and the results showed that Cos(x) function
is applicable for describing the variation of restoring moment values with respect to encounter angle.

By adding the excitation term and a function of encounter angle, the model was generated as follows:

.. . ). . 2 2n—-1
§ +2up + BRlO| + 8¢% + =Ty (Man-y + Cos(kan-1 cos(we))p™ =
(n%woz sin()()) cos(w,t) (8)

In Eq. (8), H represents the wave height, A is the wavelength. A simple U-tube passive tank consists of
two side reservoirs and a connecting duct of constant rectangular cross-section, as shown in Figure 1.
The fluid velocity in the positive y direction is u, and additional axes yd runs parallel to the duct, while
yrp and yrs run parallel to the reservoir walls, as shown in Figure 1.

Port Reservoir
7 Starboard
- Reservoir
Datum N
Fluid Level .
CG (Ship)
= .
v
y Tp v
xl
S Yo
wr wd wr

Figure 1. U-tube tank and its geometric parameters (Gawad et al., 2001).

The motion of unit mass of liquid in tank is presented by the following one-dimensional simplified
Euler’s equation.

av av 1 0P
E-FV@—Y—E@ (9)

In Eq. (9), Y is the external forces per unit mass and pt is the mass density of the tank liquid. Eq. (9)
reduces to Eqg. (11) by assuming the cross sections of the duct and reservoirs are uniform.

av

% 0 (10)
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av 1 0P
E =Y — E@ (11)

Velocity and tank angle are found by integration along the tank y-axis from external forces and static
pressure as detailed by Lloyd (1989). The equation of tank angles takes the form Eq. (12) by suppressing
surge, sway, heave pitch and yaw motions.

a'r‘r;f + bTTi- T Cp T+ (ar4¢ + CT4(p)= 0 (12)
Here,

Qg = Qt(rd + hr)v (13)

Cra = Czr = Q1 9, (14)

hy
Arr = Qewy (%W_r), (15)
hy
by = Qtqywy (2;:;2 + Wrz)' (16)
1
Q¢ = EPtWrWth (17)

Xt is the length of the tank, and qu is the coefficient of the linear damping in the tank. The trem
(aza@ + cz4@) in Eq. (12) is the term that couples the motion of the liquid to the motion of the ship.

The following equation is derived for parametric roll motion of a ship with passive tank.

.. . Lp . z 2n-1
§ + 219 + POlp| +8¢° + - By (Man_y + CosQOkan-1 cos(wet))p™  +

agr . C4r ) _ ( H 2 . )
T T)=(mT—wy*sin cos(w,t 18
(Ixx+51xx + Lex+81x 20 €9 (wet) (18)
. . . . a . C.
Here, a4 is equivalent to a«s and cs is equivalent to cu. The term ( u A T) represents
Lex+8 1y Lex+61x

the roll stabilizing moment of the liquid inside the tank.

Coupled nonlinear ordinary differential equations and their subfunctions just like damping coefficients
were calculated with prepared code on Matlab MATLAB Compiler. The solution method of nonlinear
ordinary differential equations is Dormand-Prince Method.

2. Equations of Parametric Roll Motion and Fluid Motion in Tank

In this study, a Series 60 ship form was used as the sample. The sample ship was equipped with a U-
tube passive anti-roll tank at mid-ship section, as shown in Figure 2. The main dimensions of ship and
the simple anti-roll tank are given in Table 1 and Table 2, respectively. Cg is block coefficient, Cy is the
midship section coefficient and k is the roll gyration radius in Table 1. The symbols in Table 2 are
explained in detail in Figure 1. Analyses are held with using 7th degree odd polynomials. The
coefficients “m” and “k” in Eq. (3) are given in Table 3.

4. Effect of Initial Values on Coupled Motion

Parametric roll motion is a phenomenon that is highly sensitive to initial conditions. In this study, we
considered the initial values of roll motion and the initial values of fluid motion in the U-tube tank to
calculate the safe motion basins. A safe basin is defined as the area where maximum roll amplitudes
are less than 60°. The analysis was conducted for two ship speeds and directions: 5 m/s in head waves
and 11 m/s in quartering waves (x=130°). Initial values of fluid motion in the tank were chosen to be
100%, 75%, 50%, 25% and 0% of the initial values of roll motion, as indicated in Figure 4-8 and Figure
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14-18. Safe basin graphs for the ship without a U-tube tank are also included for comparison in Figure
3 and Figure 13. Erosion percentages of the safe basins caused by the presence of a U-tube tank are
shown in Figure 23, with respect to initial values of fluid motion in tank as percentages of initial values
of the roll motion. Roll motion, both with and without passive U-tube tanks, was simulated in the time
domain for various conditions in Figure 9-12 and Figure 19-22.

Figure 2. The sample ship and the location of passive U-tube tank.

Table 1. The main dimensions of the sample ship.

Main dimensions
LBP 124.264 m
B 17.5m
T 6.97 m
Cs 0.7
Cwm 0.98
Kxx 0.399

Table 2. The dimensions of the passive anti-roll tank.

Dimensions
wb 1492 m
wr 25m
hd 0.75m
hr 6.34m
rd 5.965 m

Table 3. m and k coefficients of case study.

Coefficients

ml 1.12194
m3 -1.36621
m5 0.49685
m7 -0.12053
k1 0.30270
k3 0.38896
k5 -0.8297
k7 0.32677
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Figure 3. Roll amplitudes related to initial values Figure 4. Roll amplitudes related to initia values
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Figure 5. Roll amplitudes related to initial values  Figure 6. Roll amplitudes related to initial values
(with u-tube tank, U=5 m/s, x=0°) (with u-tube tank, U=5 m/s, x=0°)
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Figure 7. Roll amplitudes related to initial values Figure 8. Roll amplitudes related to initial values
(with u-tube tank, U=5 m/s, x=0°) (with u-tube tank, U=5 m/s, x=0°)
(1=25% ¢ T=25% ¢') (t=0 T=0)

In head waves, the results given in Figure 3 show that the ship without a passive anti-roll tank oscillates
with amplitudes exceeding 25° throughout the region, except for very small initial values close to zero
roll angle. In contrast, the ship equipped with a passive anti-roll tank exhibits roll amplitudes of less
than 25°, especially at small initial values, as shown in Figure 4-8. The increase in roll amplitudes with
respect to the initial values of roll motion is mitigated when a passive anti-roll tank is used. This
suggests that the passive anti-roll tank performs better at small initial values of roll motion (Figure 9
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Figure 12. Roll amplitude with respect to time with initial values ¢$=0 rad and ¢’=0.35 rad/s (U=5 m/s,
— with u-tube tank)

¥x=0°, 1=100% ¢ T'=100% ¢’,

without u-tube tank,

and Figure 10). However, when comparing Figure 3 and Figure 4, it is observed that the safe basin
narrows at roll angle direction, expands in the roll angular velocity direction, and erodes when a
passive anti-roll tank is used (t=100% ¢, T'=100% ¢’). The passive anti-roll tank caused the ship to
capsize at initial value of $=0.6 rad and ¢’=0 rad/s, as shown in Figure 11, while preventing the ship
from capsizing at initial values of ¢=0 rad and ¢’=0.35 rad/s, as shown in Figure 12. Erosion
percentages of the safe basin, relative to initial values of fluid motion (as percentages of initial values
of roll motion), are given in Figure 23. In quartering waves, similar results were obtained, and it is
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evident that the safe basin is changed and eroded with respect to the initial values of fluid motion
(Figure 13-18).
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Figure 13. Roll amplitudes related to initial values Figure 14. Roll amplitudes related to initial values
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Figure 17. Roll amplitudes related to initial values Figure 18. Roll amplitudes related to initial values
(with u-tube tank, U=11 m/s, x=130°) (with u-tube tank, U=11 m/s, x=130°)
(t=25% ¢ T'=25% ') (t=0 t'=0)
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Figure 22. Roll amplitude with respect to time with initial values ¢$=-0.1 rad and ¢’=0.4 rad/s (U=11
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The ship capsized at initial values of $=0.25 rad and ¢’=0.25 rad/s (Figure 21) but was prevented from
capsizing at initial values of $=-0.1 rad and ¢’=0.4 rad/s by using a passive anti-roll tank (Figure 22).
Furthermore, it was observed that the passive anti-roll tank corrected the asymmetry of the safe basin.
Erosion percentages of the safe basin related to initial values of fluid motion are given in Figure 23.
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5. Conclusions

While using passive anti-roll tanks can effectively reduce roll amplitudes, it is important to consider
the motion of fluid within tank, which can be influenced by tank may be dangerous based on the tank
characteristics and initial conditions. This paper focuses on exploring the reasons behind the
differences in safe basin graphs for ships with and without U-tube anti-roll tanks, particularly
concerning the impact of initial conditions. The study finds that passive anti-roll tanks perform
satisfactorily with small initial values of roll angle and angular roll velocity. However, at certain large
initial values, the ship can capsize due to changes in the safe basin shape caused by the coupling effect
of fluid motion in the anti-roll passive tank.

For example, the sample ship, without an anti-roll tank, starts to roll at 0.6 radians with a roll angular
velocity of zero rad/s, oscillating at a 25° amplitude. However, when equipped with an anti-roll tank
and set to have initial values of liquid in tanks equal to 100% of the initial values of roll motion ((t,7’) =
(@, ®’)), the ship capsizes, as shown in Figure 11. This raises the question: Are the initial values of liquid
in tanks always equal to or almost equal to the initial values of roll motion ((t,t’) = (¢, ¢’))?. To answer
this question, we compare the angles of roll motion and liquid motion in the tank in Figure 24. Initial
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values of coupled motion were chosen near zero. The results indicate that angles and angular velocities
of roll and liquid motions may not always be equal due to factors such as sudden cargo shifts or gusting
wind forces. As a result, we varied the initial values of fluid motion in the tank 100% to 0% of the initial
values of roll motion to examine the influence of these initial values. It was also observed that the
shape of the safe basin graphs changes as the ratio of initial values of liquid motion to roll motion
varies. The safe basin graphs narrow in the angular velocity direction and expand in the angle direction
of initial values as the percentages change from (t,t’) = 100% (o, ¢’) to (t,T’) = (0, 0). This suggests that
the uncertainty of coupled motion increases depending on the initial values of liquid motion.

Finally, the use of passive anti-roll tanks narrows the safe basins, affecting the working conditions of
the ship, ever if passive anti-roll tanks provide good performance at small initial values. It is
recommended that safe basins for ships equipped with passive anti-roll tanks be determined during
the preliminary design stage. A core safe basin, which is a subset of (t,t") = 100% (¢, ¢’), (t,T) = 75%
(@, @), (t,T) =50% (@, @’), (t,T') = 25% (¢, ¢’), (t,T') = (0, 0) conditions, must be established. If passive
anti-roll tanks restrict the working conditions of a ship, other roll stabilizing methods such as active
anti-roll tanks or active anti-roll fins should be considered instead.
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OzET

Gemi kazanlari, geminin tipine ve makinesine bakilasinizin her makine dairesinde olmasi gereken bir
makinedir. Birden fazla tipi olup karmasik operasyonlar iceren bu makineler, gemi ana makinesinin
Isitilmasi, gemi yardimci makinelerinin 1sitilmasi, yasam mahali isitma sistemlerinin ihtiyacinin
karsilanmasi veya tankerlerde olabilen buhar tirbinli pompalari ¢calistirmak gibi birden fazla amacla
kullanilmaktadir. Buhar kazanlari karmasik yapilarindan ve yiiksek sicaklik, yliksek basin¢ degerlerinde
calismasindan kaynakh sistemlerin ariza verme ihtimali oldukca ylksektir. Calismada buhar kazani
arizalarini meydana getiren ve birbirini etkileyen ariza ve durumlarin 6ncelik siralamasinin yapilmasi,
¢OzUm ve alinacak aksiyonlarin belirlenmesi ¢ok kriterli bir karar verme yontemi kullanilarak yapilmasi
amaclanmistir. Kazan sistemlerini incelemek icin birden fazla kriterin karsilastirilmasina ihtiyag vardir.
Bu calismada ¢ok kriterli karar verme yéntemlerinden Bulanik DEMATEL (Karar Verme Deneme ve
Degerlendirme Laboratuvari) yontemi kullanilmistir. Sonugta buhar kazanlarinin da en onemli
noktalarinin diizenli bakim oldugu ortaya ¢ikmis ve sistem kaynakli arizlarinin cogunlugunun atesleyici
kissimdan meydana geldigi bulunmustur. Bu sonuglara gore atesleyici sistemin yedek pargalarinin
gemide bulundurulmasi ve bu konuda makine zabitlerinin ek olarak bilgilendirilmesi faydali olacaktir.
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ABSTRACT

Ship boilers are a machine that should be in every engine room regardless of the type and engine of
the ship. These machines, which have more than one type and complex operations, are used for
multiple purposes such as heating the ship's main engine, heating the ship's auxiliary machinery,
meeting the needs of the living space heating systems or operating steam turbine pumps that can be
in tankers. Due to the complex structure of steam boilers and their operation at high temperature and
high pressure levels, the probability of failure of the systems is quite high. In the study, it is aimed to
prioritize the faults and situations that cause steam boiler failures and affect each other, and to
determine the solutions and actions to be taken by using decision making methods. In order to
examine boiler systems, more than one criterion needs to be compared. In this study, Fuzzy DEMATEL
(Decision Making Trial and Evaluation Laboratory) method that is one of the multi-criteria decision
making methods, was used. As a result, it was revealed that the most important points of steam boilers
are regular maintenance and it was found that the majority of system-related failures occur in the
igniter part. According to these results, it would be useful to keep the spare parts of the igniter system
on board and to inform the engine officers extra about this issue.
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1. Giris

Sicak su gerek beslenme gerek temizlik gerekse korunma amaciyla kullanilmistir. Burada suyun bol ve
yaygin bulunurlugu, farkh sicakhklardaki suyun farkli amaglar icin kullanilmasina olanak tanimistir. Su
buhari ise, dogal olarak 6zellikle tektonik hareketlerin aktif oldugu bélgelerde jeotermal kaynaklardan
elde edilip gegmiste genelde tedavi etme ve temizle(n)me amaci ile kullanilirken giinimiizde ise bu
kullanimlarina ek olarak elektrik tretimi, bélgesel sehir i1sitmasi, sera isitmasi gibi teknik amaglar igin
de kullanilmaktadir. ihtiyaclarin degismesi ile dogal kaynaklardan saglanan buhar miktari ve kalitesi
yetersiz kalmis ve bunun Uzerine, 19. ylzyilin baslarinda ¢esitli yakitlarin yakilmasi ile agiga ¢ikan
enerjinin kullanilarak buharin elde edildigi ilk buhar kazanlari ortaya ¢cikmistir (Bunch & Hellemans,
2004).

Buhar kazanlari, kimyadan tekstile, otellerden hastanelere kadar isil yiik ihtiyaci olan bircok endistriyel
alanda kullaniimaktadir. Gemi endustrisinde ise birden fazla kullanim alani olan bu makineler hem ana
tahrik sistemlerinde hem de gemide bulunan diger makinelere yardimci olarak kullanilabilmektedir. Bu
nedenle tahrik sistemi buhar tlirbini veya buharla galisan bir makine olmasa dahi bir geminin kazansiz
olmasi dlstintilemez. Buhar kazanlarinin hangi amagla ve hangi alanda kullanilacagina gore birgok
modeli vardir. Gemilerde kullanilan buhar kazanlari ise kullanim tiplerine (ana kazanlar ve yardimci
kazanlar) ve ¢alisma prensiplerine (alev borulu kazan, su borulu kazan ve egzoz gazi buhar kazani) gore
siniflandirilirlar. Genel olarak kazanlar, boru demetleri, emniyet valfleri, brilorler, seviye sensorleri,
bl6f vanasi gibi temel elemanlardan olusurlar (Flanagan, 1990).

Kazanlarin yiksek basing ve yiiksek sicakliktaki akiskanlarla ¢alismasindan dolayi gerekli bakim ve
onarim faaliyetlerinin zamaninda ve uygun bir sekilde yapilmamasi teknik sorunlarin yaninda ilgili
personellerin beden sagliklarinin bozulmasina ve hatta can kayiplarina bile neden olmaktadir
(Peterson, 1997; Nakahashi vd., 2017). Gerek olasi gecikmelerin ve kazalarin 6nlenmesi ve korunma
tedbirlerinin 6nceden alinmasi gerek gemilerin daha gevreci ve verimli bir sekilde isletilmesi ve gerekse
gemilerdeki yedek parca stogunun uygun ve yeterli bir sekilde yapilabilmesi icin kazanlarda meydana
gelen arizalarin detaylica bilinmesi biyik faydalar saglayacaktir. Bunlarin yaninda sorumlu personelin
hangi arizalarla ne siklikla karsilasacagini ve bunlarin 6nem derecesini bilmesi ve bakim ve degisim
zamanlarinin dnceden net bir sekilde kestirilmesi de yukaridaki ciktilar agisindan olumlu sonuglar
verecektir.

Ardy vd. (2022) bir petrokimya tesisinde yer alan kazanda meydana gelen arizalarin sebeplerinin
belirlenmesi ve benzer tesisler i¢in 6rnek teskil etmesi icin bazi fiziksel, kimyasal ve yapisal analizler
gerceklestirmistir. Ardy vd. (2021) bir amonyak tesisindeki atik 1si kazaninda meydana gelen ariza igin,
benzer arizalarin 6nlenebilmesi adina, uluslararasi standartlar uyarinca kék neden arastirmasi
gerceklestirmistir. Hong vd. (2019) bir bolgesel 1sitma sisteminin daha verimli ve sirdirilebilir
isletilebilmesi icin tesiste yer alan kazanda meydana gelen arizalarin sebeplerini belirleyebilmek igin
bazi fiziksel, kimyasal ve sayisal analizler yapmislardir. Patil vd. (2021) tekstil islem tesisinde yer alan
bir buhar kazani igin arizalanma ve tamir sirelerinin yer aldig1 verileri kullanarak gulvenilirlik,
kullanilabilirlik ve stirdurdlebilirlik (RAM) analizlerini, bir yaziim aracilig ile gergeklestirmis ve kritik
oneme sahip elemanlar hakkinda bilgi vermistir. Liu vd. (2017) su borulu bir kazanda ortaya c¢ikan
arizalar icin mikro Olcekli gérsel taramalar ve analizler ile bazi fiziksel ve kimyasal analizler yaparak kok
neden belirlemesi gerceklestirmislerdir. Rahman vd. (2022) tekstil endistrisinde kullanilan kazan
kazalari hakkinda ilgili mevzuatlara, uzman goérislerine ve vuku bulan hadiselere gore nétrosofik teori
ile analitik hiyerarsi prosesi tabanli bir calisma yapmis ve kazalar hakkinda 6nem sirasi
olusturmuslardir. Kocabas ve Savas (2021) tarafindan yapilan ¢alismada kazan blofu sistematik olarak
incelenmis, potansiyel Ariza Modu ve Etkileri Analizi (FMEA) yontemi kullanilarak enerji kaybini artiran
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riskler belirlenmis ve bu riskleri 6nlemek icin alinacak tedbirlere yonelik en uygun 6deme sireleri
hesaplanmistir. Adumene ve Nitonye (2018) gemi kazan arizalari igin, mevcut ariza oranlarina dayali
olarak genel sistemlerin ariza sikliklarini tahmin ederek, bir risk modeli olusturmus ve onleyici
faaliyetlerin zamanlamasi konusunda bilgi vermislerdir. Salawu vd. (2023) kazan tesisleri igin dnemli
bir ara¢ olan durum izleme ve givenilirlik degerlendirmesi hakkinda kapsamli bir inceleme
gerceklestirmis ve daha fazla odaklanilmasi gereken hususlar konusunda goérisler sunmuslardir.

Olagan kazan arizalarin nedenleri, kazanlarin karmasik yapilarindan dolayi birden fazla etkene bagli
olmaktadir. Bu durumlarin incelenmesi ve dogru kararin verilebilmesi icin cok kriterli bir karar verme
(CKKV) yontemine ihtiyag¢ duyulmaktadir. CKKV yéntemleri birden fazla etkenin bulundugu durumlarda
en uygun se¢imin yapilmasina olanak taniyan istatistiksel araglardir. 1900’10 yillarinin ortalarindan bu
yana farkh yaklagimlar kullanan ve birbirlerine gére avantaj ve dezavantajlari bulunan farkli yontemler
gelistirilmistir (Koksalan vd., 2011). GUnimuzde ise yapay zekd ve makine 6grenmesi gibi teknikler de
dahil edilerek daha karmasik sistemler icin daha kapsamli calismalar yapilabilmektedir. Literatlrde
CKKV yontemleri kapsaminda bulanik DEMATEL, bulanik TOPSIS, bulanik PROMETHEE, bulanik AHP,
bulanik VIKOR gibi bircok teknik kullanilmaktadir (Kabaday! & Dag, 2017; Zlaugotne vd., 2020; Vassoney
vd., 2021; Abdullah vd., 2023).

DEMATEL yonteminin kriterler arasindaki yapi ve iliskileri inceleyen, etkileyen - etki iliskilerini daha
kolay analiz edilebilir hale getiren ve uzman goérislerine dayal olarak karmasik problemlere ¢6ziim
getirebilen etkili bir yontem olmasindan dolayi (Thakkar, 2021) bu ¢alismada kullaniimasinin tercih
sebebi olmustur. Bu kapsamda CKKV yontemleri kullanilan gemi merkezli ¢alismalara 6zellikle de
bulanik DEMATEL yontemi kullanilan ¢alismalara agirlik verilmistir. Ozdemir vd. (2016) tarafindan gemi
operasyonlari nedeniyle ortaya ¢ikan deniz kirliligi DEMATEL yontemi kullanilarak incelenmis ve olasi
etkilerini azaltmak icin oneriler sunulmustur. Bashan ve Demirel (2018) DEMATEL yonteminden
faydalanarak gemi dizel jeneratorlerinin kritik operasyonel hatalarinin degerlendiriimesine yonelik bir
calisma gergeklestirmis ve olumsuzluklarin énlenmesi igin dnem sirlamasi yapmiglardir. Yorulmaz ve
Baykan (2023) DEMATEL ve ANP yéntemlerini kullanarak gemicilik performansina etki eden faktorlerin
onem derecelerini, aralarindaki etkilesimleri ve bunlarin gemi tirlerine olan etkilerini analiz
etmislerdir. Ma vd. (2022) DEMATEL ve (Bulanik Bilissel Harita) FCM yontemlerini kullanarak gemi
carpismalari Uzerindeki insan faktori etkisini arastirmis ve olasi diger faktorlerle arasindaki 6nem
siralamasini  vermislerdir. Kaya vd. (2022) gemilerde basin¢gl hava sisteminde kullanilan
kompresorlerin, teknik ve operasyonel yonden, se¢iminde bulanik VIKOR yéntemini kullanarak farkli
amag fonksiyonlari icin isletmeler agisindan en uygun secimin yapilmasina yardimci olmuslardir. Balin
vd. (2018) bulanik DEMATEL yéntemi kullanilarak gemi yardimci makinelerinde meydana gelen
arizalarin etkileyen - etki iliskisi tGzerine bir model sunmuslardir. Demirel vd. (2015) gemi yardimci
makinelerinde gorilen, yiksek derecede 6nemli, arizalar icin bulanik AHP ydntemi uygulamasi
gerceklestirmis ve bu arizalarin nem sirasini elde etmislerdir. Soner (2021) bulanik DEMATEL yontemi
kullanilarak gemi glivertesindeki kapali alanlarda gerceklesen kazalari degerlendirmis ve bunlari
onleme noktasinda ¢oziimler sunmustur. Tuncel vd. (2023) tarifeli ya da planli seferlerde elektronik
seyir haritalarinin hazirlik slirecinde gecikmelere veya basarisizliklara neden olabilecek potansiyel risk
faktorlerinin belirlenmesi ve uzmanlarin katihmiyla bulanik analitik hiyerarsi prosesi yontemi
kullanilarak 6nceliklendirilmesi amaclanmistir. Bashan ve Demirel (2019) gemi kazanlarinin kritik
arizalarim1 bulanik DEMATEL yéntemi ile 15 kritik maddede incelemis ve arastirma sonucunda; gemi
kazanlarinin yiksek basing ve sicaklikta g¢alismasindan kaynakli denizde emniyet ve glvenlik igin
onemle dikkat edilmesi gereken makinelerden oldugunu ve buhar kazanlarindaki en kritik olayin ise
dizenli bakim oldugunu belirtmislerdir. Ahmed ve Gu (2020) gemideki operasyonel emniyet
kavramlarini gelistirmek ve makine sistemi givenilirliginin iyilestirilmesine proaktif katki saglamak
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amaciyla, kazan islemleri sirasinda en kéti durum senaryolarinin belirlenmesi icin ge¢mis kaza verileri
ve raporlarini bulanik mantik yéntemi ile inceleyerek olasi arizalari ve riskleri 6lgeklendirmislerdir.

Literatlirde yer alan giincel calismalar 1siginda ve mevcutlardan farkli olan yonii ile bu ¢alisma icin gemi
kazanlarinda siklikla goriilen 20 ariza - kaza tiirii belirlenmistir. incelenen ariza — kaza sayisinin
literatlrdeki benzer calismalardan fazla olmasinda gorislerine basvurulan uzmanlarin tecribeleri etkili
olmustur. Bu ¢calismada hem tasarim hem de isletme sartlari icin ¢cevreci, glivenli ve verimli bir sistem
ortaya koyabilmek adina, incelenen olaylar cercevesinde, etki orani en yilksek olanlarin tespiti
amaciyla, bulanik DEMATEL yontemi kullaniimistir.

2. Arastirma Yontemi
2.1. Bulanik Mantik ve Bulanik Kime

Aristo’dan bugilne dek klasik mantikta aidiyet 0 ve 1 ile 6lcimlenmekte ve deger bulmaktadir. Ancak,
gercek sartlarda ise ne 0 ne de 1 olmayan ya da ne siyah ne de beyaz olan ama gercekte var olan,
siniflandirilamamigs fiziksel veya zihinsel siiregler mevcuttur. Aradaki degerleri tanimlama ve aidiyet
olusturma adina Zadeh (1965) tarafindan bulanik mantik — bulanik kiime 6nermesi yapilmis ve bu
onerme gerek sosyal gerekse teknik bircok alanda karsilik bulmustur. Bu 6nermede aidiyet, uzman kisi
ve gruplarin yardimi ile az etkili, normal etkili, ¢cok fazla etkili gibi dilsel kavramlarla ifade edilmekte
sonrasinda ise bu ifadelere nicelik atfedilmektedir. Boylelikle 6nermelerin birbirleri arasindaki iliskiler
ve etki dereceleri ortaya ¢ikarilmis olmaktadir.

Chang ve Lin (2002) tarafindan belirtilen bulanik sayilar hakkinda bazi 6nemli notasyon ve bilgiler
asagidaki denklemlerde verilmistir. Ucgensel bulanik sayilar (al, a2, a3) seklinde, Sekil 1’deki gibi,
gosterilebilir ve 4 bulanik sayisinin tiyelik fonksiyonu Denklem 1’deki gibi belirtilir. Bulanik sayilar
siraslyla; en kiglik, orta ve en blyiik olasi degerleri gostermektedir.

0 al a2 a3

Sekil 1. Ucgensel bulanik sayilar

0, x<al

g;_aall)), al <x < a2,

fa(x) = _
(as x), a2 <x <a3,
(a3-a2)

0, x>a3

(1)

A ve B bulanik sayilari (a1, a2, a3) ve (b1, b2, b3) seklinde belirlendiginde aralarinda yapilacak olan
islem operasyonu Denklem 2-5’teki sekildedir.

A(+)B = (ay,a3,a3)(+) (b1, by, b3) = (ay + by, ay + by, a3 + bs) (2)
A(—)E = (a4, a3,a3)(—)(by, by, b3) = (a; — by, a; — by, az — b3) (3)
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A(X)B = (ay,a3,a3)(x)(by, by, b3) = (ayby, azby, azbs) (4)

A(+)B = (ay,a3,a3)(+)(by, by, b3) = (a1/by, az/by, a3/b3) (5)

~

— (kK
wij_(alij'a

2ij» a’3"‘ij) k tane uzman gorusline gore, i kriterinin j kriterini etkileme degerini gdsterir ve

normallestirme islemleri de Denklem 6-9 kullanilarak yapilmaktadir.

xa;; = (af;; — minaf;;)/Ane (6)
xay;; = (a;; — minaf;) /Ay (7)
xa%;; = (ak;; — minaf;) /Ay (8)
A= maxr{; — min [} (9)

Sol (/s) ve sag (rs) normalize degerleri icin Denklem 10-11 kullaniimaktadir.
xlsf‘j = xa’{ij/(l + xa’z‘ij — xa’fij) (10)

xls{‘j = xa’;ij/(l + xa’3‘ij - xa’z‘ij) (11)

Durulastirma igin crisp degerlerinin hesaplanmasinda Denklem 12-13 kullaniimaktadir.

xlo = [xlsf (1 — xIsf) + xrsfs x xrslt] /(1 — xlsfs + xrsfS) (12)
5{‘1- = mina}}- + x}}Am?,f (13)

k tane uzman tarafindan yapilan anketler Denklem 14’ ten faydalanilarak integre edilmektedir.

@5 = 1/k(@}; + & + -+ &) (14)

2.2. Bulanik DEMATEL Yontemi

DEMATEL yonteminde duruma ait problemler belirlenir, bu problemlerin aralarindaki iliskiye katsayilar
atanir, gerekli matris hesaplamalari yapilir ve ortaya etkileyen — etki grafigi ¢ikartilip incelenir (Tzeng &
Huang, 2011). Buradaki énemli noktalardan biri ise problem belirleme ve katsayi atamasinin alaninda
uzman kisiler tarafinda yapilmasi gerekliligidir. Bu amacgla bulanik kiime yaklasimi kullanilarak farkl
bulanik DEMATEL yontemleri 6nerilmistir. Bulanik DEMATEL yontemi, DEMATEL y6nteminin bulanik
kiime teorisi kullanilarak uygulanmasidir. En belirgin 6zelligi katsayilar atamasinda 0, 1, 2, 3, 4 yerine
(0,0; 0,0; 0,25), (0,25; 0,50; 0,75) gibi katsayilar atanmasidir.

Bulanik DEMATEL yontemi arastirmacilar tarafindan birkag farkh uygulama sekli ile yapilmistir. Bu
¢alismada Sekil 2’de gosterilen ve (Bashan & Demirel, 2019) tarafindan da kullanilan uygulama yéntemi
ele alinmistir. Bulanik DEMATEL yonteminde, bulanik sayilarla islem yapildigindan islem sonunda
anlasilabilir ve mantiksal sayilara dondlmesi gerektigi icin bazi durulastirma yontemleri
kullanilmaktadir. Calismamizda Opricovic ve Tzeng (2003) tarafindan yapilan ¢alismada kullanilan
durulastirma yontemi uygulanmis ve hesaplamalarin tamami Ms Excel kullanilarak yapilmistir.

Cozimleme siirecinde ilk adim olarak problemle ilgili bilgiler ve 6rnekler toplanir, problemde islenecek
amag belirlenir. Ardindan alaninda uzman kisilerden olusan bir grup belirlenir. Ardindan elde bulunan
ornekler ve uzman kisilerin tecriibelerine gore kriterler ve kullanilacak bulanik élgek belirlenir. Daha
sonra bu kriterler arasinda ikili karsilastirilma yani bir kriterin diger kriteri ne derece etkiledigi belirtilir.
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Ancak bu karsilastirmayi net bir sekilde yapmak zor oldugu icin bulanik dlgek kullanilir. Bu &lgekte
kriterler arasi etkilesim dilsel degisken olarak dislinlilmis ve ¢ok az etkili, az etkili, normal etkili, cok
etkili ve cok fazla etkili olmak lzere tanimlanmis olan bes dilsel terimle ifade edilmistir. Bu dilsel
terimler ve Uiggen bulanik sayilar, Tablo 1'deki gibi, gdsterilmistir.

*Problemdeki Amacin Belirlenmesi ve Karar Grubunun Kurulmasi

eKriterlerin Belirlenmesi ve Bulanik Skalanin Olusturulmasi

eKarar Vericilerin Faktérler Arasindaki ikili iliskileri
Degerlendirmesi ve Direk iliski Matrisinin Olusturulmasi

eNormallestirilmis Direk ilisli Matrisinin Olusturulmasi

eTotal iliski Matrisinin Olusturulmasi

eEtki-Etken Grafiginin Cikartiimasi

«Onem Agirliklarinin Hesabi

€€

Sekil 2. DEMATEL y6ntemi ¢6ziimleme adimlari

Tablo 1. Bulanik dilsel 6l¢cek ve ticgen bulanik sayilar

Dilsel ifadeler Uggen bulanik sayilar
Cok Az Etkili (0.00; 0.00; 0.25)
Az Etkili (0.00; 0.25; 0.50)
Normal Etkili (0.25; 0.50; 0.75)
Cok Etkili (0.50; 0.75; 1.00)
Cok Fazla Etkili (0.75; 1.00; 1.00)

Ugiincii adimda ise tiggen bulanik sayilar kullanilarak ve faktérler karsilastirilarak A= n x n bir ilk direk
iliski matrisi olusturulur, Denklem 15. Ayrica T;;, i faktorinin j faktérinG etkileme derecesini belirtir.

A= [tij]nXTl (15)

Devaminda A direk iliski matrisine temel alinmasiyla, S normallestirilmis iliski matrisi Denklem 16-17
ile bulunur, (k tane uzman).

S=kxA (16)

1
k =
1sisnzj:1 atj

(17)

Besinci adimda normalize edilmis iliski matrisi S'nin, birim matrisi / ile Denklem 18’e gore, T toplam
iliski matrisi elde edilir.

T=s(1 — ) (18)
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Altinci adimda Denklem 19-21 kullanilarak toplam iliski matrisindeki satir ve stitunlarin toplamasiyla D
ve R vektorleri elde edilir. Etkileyen — Etki grafiginin olusturulabilmesi icin (D-R) ve (D+R) vektorlerinin
bir grafige konulmasi gerekmektedir. Bu grafikte yatay eksen D+R “6nem”, dikey olan D-R ekseni “iliski”
belirtir. D-R’nin 0’dan buyilk olmasi “etkileyen”, 0’dan kiiglik olmasi “etki” kismini belirtir.

T = [tij]nxn, ,j=1,2,...,n. (19)
D=3, tij]lxn=[ti]n><1 (20)
R =Xt 6], (21)

Son olarak da elde edilen D ve R degerlerini Denklem 22-23 kullanarak dnem agirliklari hesaplanir.

1

we= {07+ RETY + (07 - R)Y (22
Wi
Wi = mow (23)

3. Analizler ve Degerlendirme

Gemi buhar kazanlari, gemide birgok sistemi dogrudan ve dolayh etkileyen makinlerdir. Bundan
kaynakl yasanan arizalar gemide isletme ve glivenlik problemleri yaratmasi olagandir. Yiksek sicaklik
ve basingta ¢alisan bu sistemlerde siklikla ariza ve hatalarin ortaya ¢ikmasi gdzlemlenebilirken nadiren
de olsa 6limciil kazalar da olusmaktadir. Uretici firmalarin beyan ettikleri muhtemel arizalardan
(Parthiban, 2009; Triad, 2015), deneyimli gemi personellerin karsilastiklari arizalardan ve uzman
gorislerinden (Wankhede, 2018) yola cikilarak Tablo 2’deki 20 adet olasi kazan arizasi belirlenmistir.

Tablo 2. Olasi gemi kazan arizalari

C1 | Yakit/gaz kagagl C11 | Emniyet valfi arizasi

C2 | Tikah slizgeg C12 | Yakit nozulu arizasi

C3 | Besleme suyu pompasi arizasi C13 | Otomatik hava damperi agilma arizasi
C4 | Kazan suyu seviye sensori arizasi C14 | Pilot brulor atesleyici arizasi

C5 | Pilot brilor valf arizasi C15 | Alevlenme arizasi

C6 | Alevgdzii sensori arizasl C16 | Hotwell tanki diisiik seviye alarmi

C7 | Ana solenoid valf arizasi C17 | Genel korozyon problemleri

Cc8 Hava akimi draft fani arizasi C18 | Kazan yakit pompasi arizasi

C9 | Yanma giivenligi anormal C19 | Hava ayarinin diizensiz olmasi

C10 | Su veya buhar boru kacaklari C20 | Kazan calismasinin ¢ok uzun siirmesi

Faktorleri degerlendiren uzman ekip gerek saha deneyimi gerekse teorik alt yapisi olan ve en az lisans
mezunu olup alanlarinda en az bes yil calismis kisilerden olusmaktadir. Bu kapsamda belirlenen dort
uzmandan ikisi bagsmihendis, bir tanesi deneyimli gemi kazan servisi, bir tanesi de enspektor olarak
gorev yapmaktadir. ikinci ¢dziimleme adimi kapsaminda, uzman degerlendirmeleri sonucunda elde
edilen 4 adet matris ortak olarak degerlendirilip Tablo 3’te verilen bulanik sayr matrislerine
donistiridlmustlr. Her bir uzman Tablo 4’te gercek 6rnek olarak verilen matrisleri, kriterlerin birbirine
olan etkileme derecelerini Tablo 1’deki ticgen bulanik sayilardan belirleyerek olusturmustur.
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Tablo 3. Bulanik sayl matrisleri

C1 c2 c3 c18 c19 Cc20
C1 | (1.00;1.00;1. | (0.50;0.75;1. | (0.00;0.00;0. (0.75;1.00;1. | (0.50;0.75;1. | (0.50;0.75;1.
C2 | (0.50;0.75;1. | (1.00;1.00;1. | (0.00;0.00;0. (0.75;1.00;1. | (0.25;0.50;0. | (0.50;0.75;1.
€3 | (0.00;0.00;0. | (0.00;0.00;0. | (1.00;1.00;1. (0.00;0.00;0. | (0.00;0.00;0. | (0.75;1.00;1.
C1 | (0.75;1.00;1. | (0.75;1.00;1. | (0.00;0.00;0. (1.00;1.00;1. | (0.50;0.75;1. | (0.75;1.00;1.
C1 | (0.50;0.75;1. | (0.50;0.75;1. | (0.00;0.00;0. (0.50;0.75;1. | (1.00;1.00;1. | (0.50;0.75;1.
C2 | (0.50;0.75;1. | (0.50;0.75;1. | (0.75;1.00;1. (0.75;1.00;1. | (0.50;0.75;1. | (1.00;1.00;1.

Uzmanlarin degerlendirmesi sonucu olusturulan her bir 20x20 matris i¢in, durulastirma yonteminin 9,
11, 12, 13 ve 14 numarali denklemleri uygulanmistir. Ardindan olusturulan 20x20 matrislerin her
hicresi icin ortalama deger hesaplanarak, li¢clincli ¢6zimleme adimi kapsaminda, Tablo 4’te bulunan
direk iliski matrisi olusturulmustur.

Tablo 4. Direk iliski matrisi

c1 c2 c3 c18 c19 c20
a 1.00 0.29 0.00 0.71 0.32 0.17
e 0.42 1.00 0.05 0.84 0.31 0.26
c3 0.00 0.00 1.00 0.00 0.14 0.47
c18 0.48 0.47 0.00 1.00 0.43 0.47
€19 0.35 0.42 0.17 0.34 0.88 0.34
c20 0.35 0.40 0.42 0.42 0.26 0.50

Dordiincii ¢ozimleme adiminda direk iliski matrisi ile 2 ve 3 numarali hesaplamalarin yapilmasi
sonucunda Tablo 5’teki normallestirilmis direk iliski matrisi olusmustur.

Tablo 5. Normallestirilmis direk iliski matrisi

c1 c2 c3 c18 c19 c20
1 0.11 0.03 0.00 0.07 0.03 0.02
c2 0.04 0.11 0.01 0.09 0.03 0.03
c3 0.00 0.00 0.11 0.00 0.01 0.05
c18 0.05 0.05 0.00 0.11 0.05 0.05
€19 0.04 0.04 0.02 0.04 0.09 0.04
c20 0.04 0.04 0.04 0.04 0.03 0.05

Olusturulan normallestirilmis iliski matrisinin, 4 numarali isleme sokulmasi ile de besinci ¢6ziimleme
adimi olarak Tablo 6’daki toplam iliski matrisi olusturulmustur.

Altinci ¢ozlimleme adiminda ise toplam iliski matrisine 5, 6 ve 7 numarali formiller uygulanarak D, R,
D+R ve D-R degerleri bulunarak Tablo 7 olusturulmustur. Bulunan degerler kullanilarak Sekil 3’'teki
(D+R)-(D-R) etkileyen — etki iliski grafigi cizdirilmistir.
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Tablo 6. Toplam iliski matrisi

c1 c2 c3 c18 c19 c20
1 0.29 0.16 0.06 0.27 0.19 0.20
c2 0.27 0.28 0.08 0.34 0.23 0.26
c3 0.09 0.07 0.18 0.10 0.10 0.16
c18 0.28 0.22 0.08 0.36 0.24 0.28
€19 0.26 0.21 0.11 0.28 0.31 0.28
c20 0.20 0.16 0.13 0.23 0.18 0.24

Tablo 7. Faktorlerin D+R ve D-R degerleri

Faktor D R D+R D-R Faktor D R D+R D-R
C1 4.0 4.5 8.5 -0.4 Cl1 3.6 2.7 6.3 0.8
c2 5.2 3.3 8.4 1.9 C12 5.4 5.8 11.2 -0.4
c3 2.5 2.3 4.8 0.2 C13 4.3 4.1 8.4 0.3
c4 3.5 2.5 6.0 1.0 C14 5.8 5.8 11.5 0.0
c5 4.8 5.4 10.2 -0.6 C15 5.9 8.5 14.4 -2.6
c6 4.8 5.9 10.7 -1.0 C16 2.9 2.0 4.9 0.9
c7 5.0 5.2 10.2 -0.2 Cc17 4.1 2.7 6.8 1.4
c8 4.0 3.7 7.7 0.3 C18 5.2 4.9 10.1 0.3
c9 5.0 8.6 13.6 -3.5 Cc19 5.4 4.1 9.5 1.3
C10 4.3 3.2 7.5 1.1 Cc20 4.1 5.0 9.1 -0.8

Sekil 3'ten D-R degeri negatif olan C1, C5, C6, C7, C9, C12, C15 ve C20 faktorlerinin etkilenen (sonug)
grubunda, D-R degeri pozitif olan C2, C3, C4, C8, C10, C11, C13, C14, C16, C17, C18 ve C19 faktorlerinin
ise etkileyen (sebep) grubunda oldugu goérilmektedir. Bu durumda etkileyen grubunda en yuksek D-R
degerine sahip olan arizanin C2 (tikah stizgeg) arizasi oldugu, ardindan gelen C17 (genel korozyon
problemleri) ve C19 (hava ayarinin dizensiz olmasli) arizalarinin ikinci ve lglnci sirada etkileyen
derecesine sahip oldugu soylenebilir. Bu arizalarin olusmasi diger faktorlere de ariza yaptirmasi veya
islevini 6nlemesi anlamina gelir. Bu sebeple sistemde bulunan siizgeglerin dizenli periyotlarla
temizlenmesi, korozyon olusumunu 6nlemek icin kullanilan suyun iyi aritiimasi, bl6f sisteminin dizenli
ve iyi calismasi, hava ayari yapan parcalarin bakiminin diizenli yapilmasi veya bunun i¢in gemide yedek
parca bulundurulmasi, buhar kazani operasyonunun daha saglikli ve glivenli bir sekilde yapilabilmesi
icin alinmasi gerek 6nlemler olabilir. Aksi yondeki en dislik D-R degerine sahip olan C9 (yanma
givenligi anormal) kriterinin diger kriterlerin yiksek etkisi sonucu ortaya ciktigi belirlenmistir.

Son olarak yedinci ¢6ziimle adiminda yer alan hesaplamalar sonucu faktérlerin 6nem agirliklari Tablo
8’de hesaplanmistir. Tablo 8deki faktorlerin 6nem agirhgi sirlamasina gore ise; en yiiksek 6nem
agrihyla C15 (alevlenme arizasi) bulunmaktadir. Bu ifade alevlenme arizasinin kazan arizalarindaki en
onemli ve en kritik hata oldugunu belirtmektedir. C9 (yanma glivenligi anormal), C14 (pilot brilor
arizasi) ve C12 (yakit nozulu arizasi) gibi arizalarin ise takip eden 6nem derecelerine sahip oldugu
gorilmekle birlikte bu arizalar alevlenme arizasinin sebep ve sonuglari ile de iliski icerisinde
olabilmektedir. Alevlenme arizalari genellikle, diger etkenlerden kaynakh meydana geldigi igin,
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makinenin alevlenme sistemlerinin bakimi ve bu sistemin yedek pargalarinin bulundurulmasi buhar
kazanlarinin operasyonlarinin giivenli bir sekilde devam ettirilmesi acisindan dneminin yiksek oldugu
belirlenmistir. Onem agirligi tablosunda en altlara bakildiginda ise, C3 (besleme suyu pompasi arizasi)
ve C16 (‘hotwell’ tanki dislik seviye alarmi) bulunmaktadir. Bu dogrultuda, besleme suyu pompasi
arizasi ile hotwell tanki su seviyesinin diismesinin buhar kazanlari igin kritik arizalar olmadigi sonucuna
ulasilabilmektedir.
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Sekil 3. Etkileyen — Etki iliskisi grafigi

Tablo 8 Faktorlerin 6nem agirhklar

Faktor Onem Agirhdi Faktor Onem Agirhigi
Cc1 0.040 Cl1 0.022
c2 0.042 C12 0.071
c3 0.013 C13 0.040
c4 0.021 Ci4 0.075
c5 0.059 C15 0.121
c6 0.065 Cl6 0.014
c7 0.058 C17 0.027
c8 0.034 C18 0.057
c9 0.111 C19 0.052

C10 0.032 C20 0.047
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4. Sonug

Buhar kazanlari, endistriyel ve enerji lretimi sektorlerinde yogunlukla kullanildigi gibi denizcilik
endustrisinde de bir geminin olmazsa olmazlarindandir. Bulanik DEMATEL analizi, faktorler arasindaki
iliskileri belirler ve etkilerini 6lcerken belirsizlikleri de dikkate alir. Bu sayede, hangi faktorlerin
digerlerine gore daha 6nemli oldugu, kazanin performansina ve isleyisine olan etkileri daha net bir
sekilde anlasilabilir. Bu analizden c¢ikan sonuglar, buhar kazanlarinin tasarimi, isletimi ve bakimiyla ilgili
stratejik kararlari desteklemek icin kullanilabilir. Analiz, enerji verimliligini artirmak, emisyonlari
kontrol altinda tutmak, giivenlik standartlarini iyilestirmek ve operasyonel maliyetleri optimize etmek
gibi hedeflere ulagsmak igin yol gosterici olabilir.

Bu calismadan c¢ikan sonuglar degerlendirildiginde ise; kazanlarin atesleyici sistemlerinin bakim
yontemleri hakkinda gemi adamlarini ve 6zellikle makine zabitlerini bilgilendirmek, gemide bu sistemin
olasi yedek pargalarini bulundurmak; sistemin isleyisini glvenli ve kesintisiz saglamak, bakim
maliyetlerini en aza indirgemek ve enerji verimliligini attirmak icin atilacak iyi adimlar oldugu ortaya
¢ikmistir. Endustriyel alanda kullanilan her sistemin de ihtiyaci oldugu lzere, makine ve sistemlerin
dizenli bakima tabi tutulmasi optimal isleyisi saglamanin, Gretimin kendini gostermeyen fakat diger
yandan da en onemli noktasidir. Literatlirdeki calismalardan da benzer sonuglarin alinmasi hem
uzmanlarin karsilastiklari ariza tirlerinin benzerligini hem de uygulanan yontemin dogrulugunu
gostermektedir. Gerek DEMATEL gerekse diger CKKV yodntemleri kullanilarak gemilerdeki diger
sistemlerin analiz edilmesi, gemilerin genel yedek parga ve bakim planlarinin olusturulmasi noktasinda
yardimci olacaktir. Bu kapsamda yakin gelecekte literatiirde siklikla kullanilan CKKV yoéntemleri
kullanilarak bir gemide yer alan tiim sistemlerin analizinin gergeklestirilmesi planlanmaktadir.
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OzET

Gegmisten glnimiize siregelen aliskanliklar incelendiginde gelisim alani buyidk olarak
nitelendirilebilen tasimacilik sektériniin payi, diinyada basta olmak tzere Tirkiye’de de 6nemli bir
yere sahiptir. Tlrkiye’de ihracatta piyasa degeri en yiliksek malzemeler deniz yoluyla tasinmaktadir.
Ulkemizde denizcilik sektérii incelendiginde gemi satin alim ve onarimlarinda gézle goriilebilir bir talep
mevcuttur. Gemi insasinda ve bakim onariminda talep arzdan daha yiliksek oldugu igin, malzeme
tedariginde zorluk yasanmaktadir. Bu sebeple, malzeme tedariginde alternatif yollar aranmaktadir. Bu
arastirma calismasinda tersanelerin malzeme satin alimlarinda kullandiklari kriterlerin neler oldugu
arastirilmis ve tedarikgi se¢im tutumunu etkileyen parametreler belirlenmistir. Tedarik¢i segiminde
birden fazla faktor incelenmis olup parametre olarak kalite, sorumluluk, lojistik ve teslimat faktorlerinin
tedarikgi secimine etkisi dikkate alinmistir. Bu dogrultuda istanbul ve Yalova’da yer alan tersaneler
icerisinde toplam 240 tersane ¢alisaniyla gcevrimigi anketler yapilmasi sonucunda veriler toplanmistir.
Calismada gozlenebilen ve gbzlemlenemeyen degisken arasindaki nedensel ve iliskisel sonuglarin
tanimlanmasina olanak saglayan, cok degiskenli istatistiksel bir yontem olan yapisal esitlik modellemesi
kullanilmistir. Arastirma parametrelerinden sorumluluk, teslimat ve lojistik faktorlerinin tedarikgi
secimine etki ettigi; kalite faktorinin ise etki etmedigi gorilmistiir. Demografik 6zelliklerden yas
cinsiyet ve departman faktorlerinin tedarikci segcimine etkisi goriilmemistir. Ayrica sorumluluk
faktorinin tedarikgi Gzerindeki etkisinde lojistik faktoriinin aracilik etkisini gosterdigi tespit edilmistir.
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ABSTRACT

The share of the transportation sector, which can be described as having a large development area
when the habits from past to present are examined, has an important place in Turkiye, especially in
the world. In Turkiye, the materials with the highest market value in exports are transported by sea.
When the maritime sector in our country is examined, there is a visible demand in ship purchase and
repair. Since demand is higher than supply in ship construction and maintenance, there is difficulty in
material supply. For this reason, alternative methods are being sought in material supply. In this
research study, the criteria used by shipyards in purchasing materials were investigated and the
parameters affecting supplier selection attitudes were determined. Multiple parameters affect
supplier selection attitude. In this article, multiple factors were examined in supplier selection. The
effects of supplier decision, quality, responsibility, logistics and delivery factors on supplier selection
were considered. As a result of an online survey with a total of 240 shipyard employees in Istanbul and
Yalova, it is seen that liability, distribution and logistics markets affect supplier selection. Structural
equation modeling, which is a multivariate statistical method that allows the identification of causal
and relational consequences between observable and unobservable variables, was used in the study.
Responsibility, delivery and logistics services, which are determined as research parameters, affect
supplier selection. The quality factor has no effect on the research parameter. The impact of
demographic characteristics such as age, gender and department on supplier selection was not
observed. In addition, it has been determined that the logistics factor has a mediating power in the
effect of the responsibility factor on the supplier.

Keywords: supplier selection, shipyard, structural equation model, multiple factors

Article history: Received 12/11/2023 — Accepted 05/02/2024

Gemi ve Deniz Teknolojisi -31- Issue 225 | June 2024


http://www.gmoshipmar.org/

1. Giris

Klresel pazarlar dustnaldiglnde ulkelerin gelisim ve biylme gosterebilmesi icin lojistik faaliyetlerini
gdz dniinde bulundurarak dis ticarete ydnelmeleri son derece 6nemlidir. Ozellikle katma degeri yiiksek
Urin ve hizmetlerin arttirilmasi ve pazarlanabilmesi igin ihracatin arttirilabilmesi gereklidir (Erkan,
2014).

Kosullar ne olursa olsun (lkelerin bir takim faaliyet unsurlarini aza indirebilmesi igin ¢alismasi
gerekmektedir. Ozellikle imalat asamasinda maliyet unsurunu aza indirebilmek icin bircok iilke Giretim
merkezlerini kitalara yaymis durumdadir. Bu ylzden Ulkelerin bir lojistik agina sahip olabilmesi ihtiyaci
dogmustur. Lojistik aginin kurulmasi ve gelistiriimesi konusunda ise tasimacilik sektérinin varligi 5nem
kazanmugtir.

Finansal sonuglarin iyilestirilmesi, strdiarilebilirlik ve orta uzun vadede karlilik gibi faaliyetler goz
onlinde bulunduruldugunda tasimacilik sektériinde verimlilik yaratan dokunuslarin olmasi kiymetlidir.
Diinya ticaretinin ana merkezi olarak sayilabilen Almanya, isve¢ ve Japonya gibi iilkelere baktigimizda
lojistik altyapilarinin da giiclii oldugu bolgeler oldugu soylenebilmektedir.

Gelismekte olan tlkeler arasinda varsayilan Tirkiye gerek cografi konum itibariyla gerekse pazar payi
olarak lojistikte &nemli bir konuma sahiptir. Ulkemizde yapilan tagimacilik tipleri dért ana baslk icinde
incelenebilmektedir. Bunlar karayolu, demiryolu, deniz tasimaciligi ve havayoludur.

Tirkiye’de 2022 yilinda gergeklestirilen 83.6 milyar Avro tutarinda ihracatin 33.8 milyar Avro
tutarindaki kismi lojistik ve tasimacilik hizmetleri sektoriinde gergeklesmistir. Bu oran, lojistik
sektorinin tlkemiz agisindan 6nemini gostermistir (URL-1, 2023).

Teknolojinin gelismesi; diinya lzerinde ticaretin, tasimaciligin veya ulasimin fazla olmasi sebebiyle,
tasitlarin tasima kapasitesi ve boyutlarinin arttirilmasi s6z konusudur. Deniz tasimaciligl uzun
mesafelerde, tasima kapasitesi ve diger tasimacilik yéntemlerine gore cevreye daha az zararh ve karli
oldugu icin diger ydntemlere nazaran daha ¢ok tercih edilmektedir. TUIK verilerine gére tlkemizde
ihracatin ylzde 59.56'sI, ithalatin ise ylzde 65.74’( deniz tasimaciligl ile yapilmistir (URL-2, 2022).

2023 yili itibariyle, Turkiye’de bakim-onarim, yat gemi insa faaliyeti gerceklestiren toplam seksen dort
adet tersane bulunmaktadir. Yirmi sekiz tanesi Tuzla bolgesinde, otuz tanesi Yalova boélgesinde dokuz
adet Zonguldak bolgesinde, bes adet Kocaeli bolgesinde, li¢c adet Canakkale bdlgesinde, l¢ adet
Trabzon bolgesinde, bir adet Samsun boélgesinde, iki adet Kastamonu bdlgesinde, bir adet Adana
bolgesinde, bir adet Ordu boélgesinde ve bir adet Hatay bolgesinde bulunmaktadir. Buna ek olarak on
Uc alan tersane alani olarak, dokuz adet tersane ise yatirrm asamasindadir (URL-3, 2023).

Gemi insa sanayi, bagh oldugu yan sanayi sektorinl hizlica gelistirdigi icin bulundugu tlkeye doviz
girdisi saglayan is kollarindan biridir. Ayrica, bdlgede is gliclinii arttirarak ticaretin gelismesine ve
giiclenmesine zemin hazirlamaktadir. Ulkemizde gelisen denizcilik sektériiniin talebinin artmasi ile bu
sektérde bulunan firmalarin ve yan sanayilerin hammadde, parca, lretim ve dagitim gibi girdi ciktilarini
ihtiyaca yonelik gelistirmesi gerekmektedir. Ortaya ¢ikan bu durumun ¢oéziimiine yonelik olarak
sektordeki talebin hangi faktoérlerden etkilendigi ve bu ihtiyaca yonelik 6nlemlerin alinmasi icin bu
arastirmanin yapilmasi gerekliligini ortaya ¢ikarmistir.

2. Literatiir Taramasi

Tersanelerin tedarikci secimine etki eden faktorlerin tercih tutumunda etkisi konusunda literatiirde
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yapilmis calismalar incelendiginde yurtdisinda ¢ok sayida ¢alisma mevcuttur. Fakat yurtici calismalar
incelendiginde o0zellikle denizcilik alaninda bu konunun dogrudan inceleme konusu olmadigi
saptanmis, farkh alanlarda tedarikgi tutumunu etkileyen faktorler incelenmistir. Bu calismada ilgili
faktorlerin istatistiksel olarak denizcilik sektoriine yonelik incelemesi yapilmis ve literatlre katki
saglamasi hedeflenmistir. incelenen ¢alismalar konu &zelinde farkli tiirlerde ve farkh érneklemlerde
bircok faktorin kullanilabilecegini gostermistir. Calismada kullanilan faktorler degerlendirilirken
yapisal esitlik modellemesi kullanilacaktir. Bu amag dogrultusunda faktor belirlemesi yapilmadan 6nce
literatlirde yapisal esitlik modellemesiyle olusturulmus faktorler incelenmistir. Calismada kullanilacak
faktorleri belirlemek igin, tersanelerdeki tedarik¢i yontemini algilamak gerekmektedir. Calismanin
amaci tersane isletmelerinin hangi durumlarda kararlarinin nasil etkilendigi yoniinde oldugu igin
tedarik¢i karari bagimli degisken olarak secilmistir. Diger secilen bitlin faktorler ise bagimsiz
degiskenler olarak tedarikgci kararini etkilemektedir.

2.1 Sorumluluk

Firmalarin performanslarini arttirmasi ve deger yaratmasi icin gerekli olan 6nemli kosullardan birisi
olan sorumluluk duygusu, malzemeyi tedarik eden firmanin taninabilirligini arttirarak, firmanin
kalitesini arttirmaktadir. Kalitesi artan firma, tedarikgilerin dikkatini ¢eker. Bu tedarikgi kararini 6nemli
olciide etkilemektedir (Ozalp, 2016).

Teknolojinin gelismesiyle beraber (iretimde ele alinan slregler malzemeyi satin alan misteri yararina
olmaktadir. Malzemeyi temin eden firmanin da zamaninda teslimi saglayabilmesi icin daha cok
sorumluluk almasi gerektigini gostermektedir (Nevsehirli, 2007). Dolayisiyla isletmelerin birbiri
arasinda giiven bagi olusmasini gerekmektedir. Alici ve tedarikgi iliskilerinde biri digerine gére daha
inanilir ve sorumluklarini gergeklestirebilecegi inanci olusursa firmalar arasindaki iligkiler artacaktir. Bu
tur iliskilerin artmasi icin gerekli olan bir¢ok kosul bulunmaktadir (Garip ve dig., 2021).

Tedarikgi karari veren firmalar genellikle iki tedarik kosulu {izerinde durmaktadir. Bu segeneklerden ilki
Afsarogullari ve dig. (2019)'ne gore ucuz ve glvenilmeyen tedarikgi olarak siniflandiriimis, ikincisi ise
sorumluluk sahibi glivenilir ve pahali bir tedarikci olarak belirlenmistir. Bu ¢alismada sonuglar tedarik
zinciri boyunca firmalarin etiklikten ve sorumluluktan kaginilmayacagini gdstermistir.

Tedarikgi karari verilirken, sosyal ve cevresel faktorlerde gz 6niinde bulundurulmalidir. Herhangi bir
taviz verilmesi sonucunda firmalara bu durum olumsuz reklam olarak geri donebilmektedir. Ayrica
alinan sorumluluklar firmanin siirdirebilirligi konusunda olumlu etki birakmakta ve satin almanin
pazarlama iliskilerini de etkiledigi sonucuna ulasilabilmektedir.

2.2. Lojistik

Her firmanin kendi imkanlarina gére sosyal ve ekonomik ¢evrelerine bagli olarak belirledigi bir lojistik
agi vardir. Bu lojistik ag1 kimi zaman firmalar tarafindan kendileri ¢alisarak olusturulurken bazi firmalar
icinse destek alabilecekleri farkli firmalar tarafindan olusturulmaktadir. Bu sebeple lojistigin firmalar
arasindaki rekabet glicine 6nemli katkilari bulunmaktadir. Ayrica, isletmelere toplam gelir ve
maliyetlerinde de 6nemli katkilar saglamaktadir. Bununla birlikte lilke ekonomilerinde ve miusteri
memnuniyetini arttirmada 6nemli bir etkiye sahiptir. Lojistik, es zamanl olarak Uretim ve bilgi
teknolojilerinde yasanan gelismelerden etkilendigi icin, sistematik ve islemsel yonetsel agcidan malzeme
teminini rasyonel bir zamanda gerceklestirme ve tasimasi olayini saglamaktadir. Firmalar arasindaki
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rekabeti giclendirerek, firmalarda performans artisi gerceklestirmektedir. Ginimizde firmalarin
kendilerini gelistirme ¢abalari, tedarik zinciri yonetimi uygulamasi ve modellerinin yayginlastirmasi ile
mimkindir. Boylece malzemelerin tedariginden Uretimine, dagitimina ve musteriye teslime kadar
gecen Uretim planlama ve kontrol sistemi uygulamalarinda btinlestirici bir gorev almaktadir (Kaya,
2013). Durmaz ve Onacan (2018) calismasinda lojistigin tedarik zincirini etkileyen bir faktér oldugunu
belirtmek amaciyla kullanmis; Griin temin ederken iliski memnuniyeti, mlsterinin satin alacagi Griinin
tizerinde etkisinin bulundugunu gézlemlemislerdir. ilgili calisma dogrultusunda da tedarikgi ile misteri
arasinda iliski temellerinin kurulmasi gerektigi soylenebilmektedir. Lojistik bu iliski temellerini
olusturmaktadir. Lojistigin 6nemli faktorlerinden biri ise hizdir. Hiz hem malzemenin hem de hizmetin
entegrasyonunu saglayarak lojistik biriminde kaliteyi arttirmaktadir. Gelisen ve degisen rekabet
ortamlarinda farkli stratejiler kurmak zorundadirlar. Musteri ihtiyaglarina zamaninda ve kusursuz
sekilde cevap verilmek ve 6nceden tahmin edebilmek, rakipler karsisinda Ustiinlik gostererek, musteri
memnuniyetini arttirarak rakiplerin 6nline gegmeyi saglayacaktir (Eker, 2006).

2.3. Teslimat

Karesellik duslinildigiinde rekabet oranina bagh olarak hizmet kalitesini arttirmak igin firmalar
arasinda teslimat faktortiiniin 6nemli bir etkiye sahip oldugu gorilmdistir. Malzeme depolama, liretim
ve malzemelerin tasinmasi da muisteri memnuniyeti agisindan 6nemli bir etkiye sahiptir (Tanriverdi,
2010). Teslimat zamanlamaya uyumlu olmalidir. Ayrica firmalar mdisteri ihtiyaglarini giiniinde
saglamali, tam yerinde ve zamaninda teslimati gergeklestirmelidir. Miisteriye hizmet hususunda
yardimci olmal ve olusan aksakliklarin telafisi icin midmkiin bir alternatif teslimat sireci
gerceklestirmesi gerekmektedir (Ozesenli, 2011). Sayan (2018) calismasinda farkh ulkelerde bulunan
Ureticilerin Uretimde hizi arttirip akis zamanini azaltarak teslimat performansini arttirdiklarini
gostermistir. Bu durum diger firmalara nazaran daha ¢ok avantaj saglamistir, plan kaynak vb. kriterlerin
icerisinde teslimatta yerini almistir.

2.4. Kalite

Tedarik¢i degerlendirmede ve performans 6lglimiinde glivenirlilik ve tutarlihk faktorleri kalite icin son
derece onemli bir etkiye sahiptir. Stratejik basarilar ve kusursuzluk orani kaliteyi etkileyen
etmenlerdendir. Ayrica servis kalitesi ve fiyat etkileri de tedarik¢i degerlendirmede kullaniimaktadir
(Yalgin, 2010). Tedarikgi se¢iminde kalite tzerinde etki olup olmadigini arastirmak gerekirse, kaliteli
UrGnan tedarikgi kararini etkiledigi goriilmektedir. Dolayl ve direkt olarak, kararlarda ana unsurlardan
biri olarak incelenmektedir. Firma tedarikgisini secerken belirledigi kriterler nihai trinin kalitesine etki
ettigi Uluskan ve Akin (2022) arastirmasinda da ispatlanmistir. Hizmet yonetimi ve kalite arasinda da
bir iliski bulunmaktadir. Yurt (2007) incelemesinde aradaki iliskiyi ampirik olarak incelemek yoluyla
pazarlamanin ve lojistik faktorlerinin de arastirilmasini saglamistir. Tedarik zinciri ile hizmet kalitesi
arasindaki iliskiyi oldugunu gosteren bir model olusturmustur.

2.5. Tedarikgi Karari
Tersaneler, yeterli sekilde blylmeye ulasabilmek i¢in gider masraflarinin maliyetini disirmek ister.

Bunun igin tedarik edecegi lrlinlerin daha kaliteli, ayni sekilde daha ucuz olmasini bekler ve bu
dogrultuda istegine ulasmak icin ortaya ¢ikan tedarik yonetim kavramini ele alir. Tersaneler de yeni
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kanunlarin getirilmesi nedeniyle ginin teknolojisi neyi gerektiriyorsa o malzemeyi tedarik etmek
zorundadir. Bu nedenle tedarikgi karari ve tedarik siireci &nem arz etmektedir. Uretim planlamasini
geciktirmeyecek kadar hizli, glivenli ve kaliteli malzeme temin etmek zorundadir. Yapilan ¢alismalar,
tersane isleyisi malzemeyi tedarik ederken hangi siireglerden gecildigini incelemektedir. Bu dogrultuda
Danacive dig. (2019) biyik firmalarda 6zellikle Ust seviye tedarik zinciri konusu ele alinmistir. Tedarikgi
karari, gliven, baghlik, bilgi edinimi ve yayilimi faktorleri ile is birligi yani memnuniyet arasindaki iligki
Tufan ve Yasar (2022) tarafindan yat sektoérinde bulunan Tirk ve yabanci firmalar arasinda
incelenmistir. Bu ¢alismada ilgili faktorlerin anlamli bir iliski icerisinde olup olmadigi arastiriimis, bitiin
faktorlerin birbiri icerisinde anlamli bir iliski oldugu gézlemlenmistir.

3. Metodoloji

Tedarikgi kararini etkileyen faktérlerin belirlenmesi amaciyla yapilan bu ¢alismada tesadifi olmayan
orneklemeden kartopu orneklemesi yoluyla segilen 240 kisi ile online anket ¢alismasi yapilmistir.
Calisma cesitli platformlarda paylasiimistir. Analiz calismasindan o6nce anketlerin tutarliliklan
degerlendirilmis olup anketlerin hepsi calismaya dahil edilmistir. Calismada kullanilan anket formunda
cesitli calismalardan literatlr taramasi ile ulasilmis veya uyarlanmis, kisilerin tedarikgi se¢cimine karsi
tutumlarini belirlemeye saglayacak ifadelerden olusmaktadir. Ayrica ¢alismaya katilmis katilimcilarin
demografik 6zelliklerini belirlemeye yarayan ifadelerde mevcuttur. Elde edilen veriler IBM SPSS AMOS
23 ve IBM SPSS Statistics Viewer 23 programlari ile test edilmistir.

3.1. istatistik terimleri ve kisaltmalari

ANOVA: :Varyans Analizi (Analysis of Variance)

CFI : Karsilastirmali Uyum indeksi (Modeli - Comparative Fit Index)

CMIN  :Ki-kare (Chi-square)

DF : Ki-kare (Degree of Freedom)

DFA : Dogrulayici Faktor Analizi

F : ANOVA analizinde kullanilir. iki ortalama karenin béliinmesiyle hesaplanir, agiklanmayan
varyansli agiklanmayan farkin oranini belirler.

IFI : Artan Uyum indeksi (Incremental Fit Index)

KFA : Kesifsel Faktor Analizi

KMO : Kaiser-Meyer-Olkin

NFI : Normlastiriimis Uyum indeksi (Normed Fit Index)

RMSEA : Yaklasik Hatalarin Ortalama Karekdk( (Root Mean Square Error of Approximation)

Sig : Anlamlilik (Siginificance) degeri olup P ile gosterilir.

Std. : Standart

t : iki ortalama arasindaki farkin istatistiksel durumunu test etmek icin kullanilan parametrik
bir yontemdir.

TUIK : Turkiye Istatistik Kurumu

YEM : Yapisal Esitlik Modeli

3.2. Arastirma modeli

Yapisal Esitlik Modellemesi yani kisa adiyla YEM, gbzlenebilen ve gozlenemeyen degiskenler arasindaki
nedensel ve iliskisel sonuglarin tanimlanmasina olanak saglayan cok degiskenli istatistiksel bir
yontemdir. Sosyal bilimler basta olmak lizere ekonomi, pazarlama ve davranis bilimleri gibi birgok bilim
tarafindan kullanilmaktadir. Deneysel yaklasimlarla arastirilamayan problemlerin incelenmesinde,
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rastgele ve rastgele olmayan hatalarin agiklanmasinda karmasik modelleri kolayca birlestirme ve
karsilastirma yeteneklerine sahip olmasindan 6tlr{ yaygin bir arastirma metodudur (Meydan ve Sesen,
2015).

Metot ayni anda birden fazla regresyon analizi yapilmasini saglamaktadir. Bu baglamda bu calismada
tedarikgi se¢imini etkileyen faktorler YEM ile incelenerek analiz edilmistir. Arastirma modeli Sekil 1’ deki
gibidir.

Tedarikgi
Karar

HB, H7 ve HB

Demografik
Faktarler

Sekil 1. Arastirma Modeli

4. Verilerin Ozellikleri ve Hipotezler

Tedarikgi kararini etki eden faktoérleri belirlemek amaciyla kullanilan dlgek ifadeleri begli likert tipi (1=
Kesinlikle katilmiyorum, 5=Kesinlikle katiliyorum) ile olusturulmustur. Calismada kullanilacak faktoérleri
belirlemek icin, tersanelerdeki tedarikci yontemini algilamak gerekmektedir. Calismanin amaci tersane
isletmelerinin hangi durumlarda kararlarinin nasil etkilendigi yoniinde oldugu icin tedarik¢i karari
bagimh degisken olarak secilmistir. Diger segilen bltin faktorler, tedarikci kararini etkilemektedir. Bu
faktorlerin aralarindaki iliskiyi dogrulamak icin gerekli sorular sorulmasi gerekmektedir. Calismada
kullanilan faktorler ve faktor sorulari asagida verilmistir.

Sorumluluk,

S1- Tedarikgi tersane sektori icin gerekli yatirimlari yapmaktadir (Dickson, 1966).
S2- Tedarikgi teknoloji ile uyumlu ¢ahsir (Wang ve Zhang, 2012).

S3- Tedarik¢i malzeme sattigi firma isteklerine etkili ¢oziim bulur.

S4- Tedarikgi malzemenin tim sorumlulugunu Gzerine alir (Kelecioglu ve dig., 2006).
S5- Tedarikgi malzeme sattigi firma ile is birligi icerisindedir (Alakurt ve dig., 2019).
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Lojistik,

L1- Tedarikgci verilen malzemeyi uygun kosullarda tasir.

L2- Tedarikg¢i hasarsiz bir bicimde malzemeyi ulastirir (Dickson, 1966).
L3- Tedarikginin filosu sektor icin yeterlidir.

L4- Tedarikginin tasima kapasitesi siparis edilen malzemeden fazladir.
L5- Tedarikgcinin filosunun yasi genctir.

Teslimat,

T1- Tedarikci malzemeyi zamaninda teslim eder (Dickson, 1966).

T2- Tedarikgi malzemeyi hizl ulastirir.

T3- Tedarikgi malzeme teslim agamalarinin bilgilendirmesini yapar.

T4- Tedarikginin malzemeyi stogunda bulundurmasi teslimat zamanindan etkilemektedir.

Kalite,

K1- Tedarik¢i malzeme tasinmasinda garanti verir.

K2- Tedarikgi kusurlu malzeme konusunda hassas davranmaktadir.

K3- Tedarikgi firmasinda kalite yonetim sistemi bulunmaktadir.

K4- Tedarik¢i malzeme teslimatindan sonra malzeme hakkinda geri bildirim alir.

Tedarikgi karari,

TK1- Malzeme teslim olan firma malzeme fiyatini makul bulur.

TK2- Malzeme teslim olan firma nihai malzemeden olusur.

TK3- Alinan malzemenin 6mri kalite standartlarina paraleldir.

TK4- Malzeme teslim olan firma malzemenin stokta bulunmasini dikkate alir.

Tersane secimine etki eden faktorlerin incelenmesi konusunda hazirlanmis hipotezler asagidaki
belirtilen sekilde belirlenmistir.

H1: Sorumluluk ile kalite arasinda anlaml bir iliski vardir.

H1la: Sorumluluk ile tedarikgi karari arasinda anlamh bir iligki vardir.
H1b: Sorumluluk ile lojistik arasinda anlamli bir iliski vardir.

Hlc: Sorumluluk ile teslimat arasinda anlamh bir iligki vardir.

H2: Kalite ile tedarikgi karari arasinda anlamli bir iligki vardir.

H3: Kalite ile teslimat arasinda anlaml bir iligki vardir.

H4: Teslimat ile tedarikgi karari arasinda anlaml bir iliski vardir.
H5: Lojistik ile tedarikgi karari ile arasinda anlamli bir iliski vardir.
H5a: Lojistik ile teslimat arasinda anlamli bir iliski vardir.

H6: Tedarikgi karari departmana gore farklilik gosterir.

H7: Tedarikgi karari yasa gore farklilik gosterir.

H8: Tedarikgi karari cinsiyete gore farklilik gosterir.

Bu arastirmada; tersane isletmelerinin parca tedarik ederken nelere dikkat ettikleri, hangi faktérlerden
etkilendikleri ve hangi durumlarda kararlarinin nasil etkilendigi lzerinde incelemeler yapilmistir.
Hipotezlerin dogru olup olmadigi tartisiimistir.

5. Analizler ve Tartisma
Tedarik¢i secimini etkileyen faktorleri belirlemek amaciyla yapilan ¢alismada orneklem o6zellikleri

cinsiyet, departman ve yas faktorleri icin Tablo 1, Tablo 2, Tablo 3 asagidaki gibidir. Orneklem yasinin
ylzde 44.6’s1 35-40 yas araliginda yogunlasirken 6rneklemi olusturan g¢alisanlarin ylizde 31,7 sinin satin
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alma departmaninda calistiginin yogunlastigi gériilmektedir. Orneklemi olusturan galisanlarin yiizde
67.5%i erkek, yluzde 32.5’i kadin olarak gozlenmistir.

Tablo 1. Cinsiyet

Cinsiyet Frekans Yiizde

Kadin 78 32.5
Erkek 162 67.5
Toplam 240 100

Tablo 2. Departman

Departman Frekans Yizde

Kalite 47 19.6
Satin Alma 76 31.7
Uretim 63 26.3
Lojistik 52 21.7
Diger 2 0.8
Toplam 240 100
Tablo 3. Yas
Yas Frekans Yuzde
23-28 9 3.8
29-34 89 37.1
35-40 107 44.6
40-45 27 11.3
45+ 8 3.3
Toplam 240 100

Olgeklerin uygulugunun degerlendirilmesinde iki asamali bir siire¢ kullaniimistir. ilk asama olarak
¢alismada 5 farkh boyutla incelenen degiskenlerin faktor yikleri teste tabi tutulmustur. Temel
bilesenler yontemi (Principle Component Analysis) ve varimax rotasyonu kullanilarak kesifsel faktor
analizi (KFA) uygulanmistir. Bu analiz icin toplam 5 degiskeni 6lcmek amaciyla kullanilan 22 soru Kaiser-
Meyer-Olkin (KMO) ve Barlett testi ile faktor analizine uygunlugu degerlendirilmistir. KMO degeri 0.872
ve 0.5’ten biyilk oldugu icin verinin KFA uygulamaya yeterli oldugu anlasiimistir. Barlett kiiresellik
sonucunda ulasilan kikare degeri=3515.639, serbestlik KFA sonucunda toplam varyansin yiizde 72’sini
aciklayan 5 faktor ortaya ¢ikmistir. 5 faktor icin faktor yikleri incelendiginde 3 tane problemli dlgek
maddesi oldugu tespit edilmistir. Bir soru kendi 6lcek grubu disindaki faktor grubunda yer almasi
sebebiyle elenirken, bir soru belirlenen degere ulasamamasi, bir soru ise benzer faktor yikleriyle iki
gruba ylklenmesi sebebiyle ilerlemeli bir siire¢ kullanip birer birer elenmistir. Eleme sonrasi kesifsel
faktor analizi tekrar yapilmistir. Toplam 19 soru ile tekrarlanan KFA sonucunda toplam varyansin ylizde
76’sini aciklayan 5 faktor ortaya ¢cikmistir. Bu faktorler sirasiyla sorumluluk, lojistik, teslimat, kalite ve
tedarikgi karari olarak isimlendirilmistir. Faktor yikleri Tablo 4’te verilmistir.
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Tablo 4. KFA analiz sonucu

Bilegenler
1 2 3 4 5
S1 0.745
S2  0.892
S3  0.862
S4 0.848
S5 0.590
L2 0.790
L3 0.767
L4 0.707
L5 0.802
T1 0.880
T2 0.894
T3 0.838
T4 0.863
K1 0.844
K2 0.835
K3 0.786
TK1 0.872
TK3 0.833
TK4 0.872

Faktor yikleri incelendiginde. en diisik 0.590 faktoér yuki ile yuklenmis bir 6lgek mevcut oldugu
gorilmektedir. Bu sebepten otlrid Olceklerin  yapisal kavram gecerliligine sahip oldugu
soylenebilmektedir. SPSS AMOS 23 paket programi kullanilarak ikinci asama olarak en yiiksek olabilirlik
hesap teknigiyle dogrulayici faktdr analizi (DFA) yapilmistir. Olciim modelinde KFA analizi yapilmamis
gibi oncelikli olarak tiim faktorlerin yer aldigi iliskisiz model incelenmis olup sonrasinda birincil ve ikincil
seviye DFA analizi uygulanmustir. iliskisiz model sonuclari Tablo 5’teki gibidir.

Tablo 5. DFA analizi

Olgiim modeli Katsayr Std.Katsayr Std.Hata t P
K3 <--- Kalite 0.792 1

K2 < Kalite 0.956  1.278 0.075 17.057 ***
K1 <--- Kalite 0.915 1.163 0.07 16.647  ***
L5 <---  Lojistik 0.854 1

L4 <---  Lojistik 0.728 0.888 0.074 12.052  ***
L3 <---  Lojistik 0.701 1.004 0.087 11.501 ***
T1 <---  Teslimat 0.844 1

T2 < Teslimat 0.88 1.044 0.062 16.906 ***
3 < Teslimat  0.807  0.97 0.065 14.856 ***
T4 <--- Teslimat 0.866 0.861 0.052 16.531 ***
S1 <---  Sorumluluk 0.713 1

S2 <---  Sorumluluk 0.903 1.4 0.104 13.46 HkE
S3 <---  Sorumluluk 0.864 1.42 0.11 12.918 ***
sS4 <---  Sorumluluk 0.905 1.389 0.103 13.484  ***
S5 <---  Sorumluluk 0.557 0.966 0.116 8.329 Hokx
L1 <---  Lojistik 0.663 0.887 0.083 10.734  ***
L2 <---  Lojistik 0.743 1.06 0.086 12.356  ***
K4 <--- Kalite -0.035 -0.041 0.079 -0.523 0.601
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Tablo 5 incelendiginde K4 faktérinin p degeri 0.05’ten biyilk oldugu icin, hesaplamadan gikarilmis,

iliskisiz model tekrar hesaplanmistir. Yeni sonuglar Tablo 6’daki gibidir.

Tablo 6. Yeni DFA analizi

Katsayr Std.Katsayr Std.Hata t P

K3 < Kalite 0.792 1

K2 <--- Kalite 0.957 1.279 0.075 17.06  ***
K1 <-- Kalite 0.914 1.162 0.07 16.639 ***
L5 <-- Lojistik 0.854 1

L4 <--—- Lojistik 0.728 0.888 0.074 12.052 ***
L3 <--—- Lojistik 0.701 1.004 0.087 11.501 ***
Tl <--—- Teslimat 0.844 1

T2 <--- Teslimat 0.88 1.044 0.062 16.906 ***
T3 < Teslimat 0.807 0.97 0.065 14.856  ***
T4 <-- Teslimat 0.866 0.861 0.052 16.531 ***
S1 <-- Sorumluluk 0.713 1

S$2 <--—- Sorumluluk 0.903 1.4 0.104 13.46  ***
$3 <--—- Sorumluluk 0.864 1.42 0.11 12,918 ***
$4 <--- Sorumluluk 0.905 1.389 0.103 13.484  ***
S5 <--- Sorumluluk 0.557 0.966 0.116 8.329  kx*
L1 <--—- Lojistik 0.663 0.887 0.083 10.734  ***
L2 <-- Lojistik 0.743 1.06 0.086 12.356  ***

Tablo 7‘de gorildtugi Gzere, Ki-kare istatistigi ve karsilastirmali uyum indekslerinden RMSEA kabul

edilebilir uyum gostermesine ragmen (CMIN/DF <= 4-5, RMSEA =0,06-0,08), diger karsilastirmali uyum

indeksleri (CFl, IFI ve NFI) beklenen seviyede bulunmamistir (Bearden ve dig., 1982). Buna ragmen

orneklem sayisinin 250’den az olmasi kaynakl duyarliigindan 6tiri birincil seviye DFA hesaplamasina

gegilmistir.

Tablo 7. Birincil seviye dogrulayici faktér analizi

CMIN

DF CMIN/DF p
446.635 119 3.753

RMSEA CFI

0.000 0.078

IFI

0.881 0.847 0.883

Birincil seviye dogrulayici faktor analizi gizil degiskenler arasindaki iliskiyi modele dahil eden analizdir.

Tablo 8'deki sonuglari verilen birincil seviye dogrulayici faktor analizi yapildiginda, Tablo 9’daki modele

ait uyum degerlerinin (CFl, NFI, IFl) 0,90'nin Gzerinde oldugu ve faktor yiklenim degerlerinin anlamh

oldugu gorilmektedir.

Tablo 8. Birincil seviye dogrulayici analizi

Katsayr Std.Katsayr Std.Hata t P
K3 <-- Kalite 0.798 1
K2 <--- Kalite 0.953 1.264 0.072 17.614  ***
K1 <-- Kalite 0.916 1.155 0.068 16.956 ***
L5 <-- Lojistik 0.838 1
L4 <-- Lojistik 0.741 0.921 0.074 12.414  ***
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Katsayr Std.Katsayr Std.Hata t P

L3 < Lojistik 0.695 1.016 0.089 11.458 ***
Tl < Teslimat 0.844 1

T2 <-- Teslimat 0.88 1.043 0.062 16.93 HEx
T3 <-- Teslimat 0.806 0.969 0.065 14.846  ***
T4 <-- Teslimat 0.866 0.861 0.052 16.548  ***
S1 <-- Sorumluluk 0.717 1

S$2 <--—- Sorumluluk 0.901 1.389 0.102 13.581 ***
$3 <--- Sorumluluk 0.859 1.405 0.108 12.974 ***
S4 <--- Sorumluluk 0.908 1.386 0.101 13.678 ***
S5 <--- Sorumluluk 0.565 0.975 0.115 8.488  kx*
L1 < Lojistik 0.693  0.945 0.083 11.402 ***
L2 < Lojistik 0.733 1.066 0.087 12.249  ***

Tablo 9. ikincil seviye dogrulayici faktér analizi

CMIN DF CMIN/DF p

230.650 113 2.041

RMSEA

0.000 0.048

CFI NFI

IFI

0.957 0.921 0.958

ikincil seviye dogrulayici faktor analizi gdzlemlenen degiskenin dahil edilmesiyle olusturulmus olup

modele ait metin giktisi Tablo 10’daki gibidir.

Tablo 10. ikincil seviye dogrulayici faktor analizi

Katsayr Std.Katsayi Std.Hata t P

TK  <-- Kalite -0.002 -0.002 0.065 -0.028 0.977
TK < Sorumluluk -0.152 -0.171 0.07 -2.452 0.014
TK < Teslimat 0.492 0.5 0.067 7.475 ok
TK < Lojistik 0.166 0.208 0.08 2.598 0.009
K3 <--- Kalite 0.792 1

K2 <--- Kalite 0.957 1.279 0.075 17.06 ok
K1 <--- Kalite 0.914 1.162 0.07 16.639  ***
L5 < Lojistik 0.853 1

L4 <--- Lojistik 0.73 0.891 0.074 12.075  ***
L3 < Lojistik 0.701 1.005 0.087 11.492  ***
1  <--- Teslimat 0.835 1

T2 < Teslimat 0.873 1.045 0.063 16.491  ***
T3 < Teslimat 0.814 0.988 0.066 14.885  ***
T4 <--- Teslimat 0.876 0.879 0.053 16.573  ***
S1 < Sorumluluk 0.716 1

$2 < Sorumluluk 0.904 1.397 0.103 13.554  **=*
S3 < Sorumluluk 0.863 1.413 0.109 12.963  ***
S4 < Sorumluluk 0.903 1.382 0.102 13.538  ***
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(Tablo 10’un devamidir.)

Katsay:1 Std.Katsayir Std.Hata t P
S5 < Sorumluluk 0.558 0.964 0.115 8.357 ook
11 < Lojistik 0.666 0.893 0.083 10.795  ***
L2 < Lojistik 0.741 1.059 0.086 12.319  ***
TK4 <--- Tedarikgi Karari  0.927 1
TK3 <--- Tedarikgi Karari  0.732 0.865 0.065 13.325  ***
TK2 <--- Tedarikgi Karari  0.217 0.307 0.094 3.252  0.001
TK1 <--- Tedarikci Karari  0.846 0.896 0.055 16.224  ***

icsel degisken olarak belirlenen tedarikgi karar iizerindeki artik hata varyansi degisken varyansinin
ylzde 10’nuna sabitlenmistir. Tablo 11'de gosterilen modeldeki ki kare istatistigi iyi uyum ve
karsilastirmali uyum indekslerinden RMSEA kabul edilebilir uyum géstermesine ragmen (CMIN/DF <=
4-5. RMSEA =0.06-0.08). diger karsilastirmali uyum indeksleri (CFl. IFI ve NFI) beklenen seviyede
bulunmamistir.

Tablo 11. Model Tablosu

CMIN DF CMIN/DF p RMSEA  CFI NFI IFI
544,113 185 2.941 0.000 0.065 0.889 0.843 0.889

Modelin uyum degerleri istenilen dizeyde olmadigl icin. KFA analizinde kullanilmayan faktorler
cikartilarak iyilestirme yapilmistir. Tekrarlanan ikincil seviye faktor analizi sonuglari Tablo 12‘de
gosterilmistir.

Tablo 12. Tekrarlanan ikincil seviye faktor analizi

CMIN DF CMIN/DF p  RMSEA CFI NFI IFI
443.24 148 2,995 0.000 0.066 0.903 0.863 0.904

Model incelendiginde hem birincil seviye hem de ikincil seviye analiz degerleri CFl ve NFl degerlerinden
bagimsiz kabul edilebilir diizeyde ¢ikmistir (Ullman, 2001).

Kesifsel ve dogrulayici faktor analizleri sonrasinda belirlenen bes faktér maddesinin glvenilirlikleri test
edilmistir. Guvenilirlik analiz sonuglari Tablo 13’te gosterilmistir.

Tablo 13. Glivenilirlik test sonucu

Olgekler Cronbach's Alpha Madde sayisi
Sorumluluk 0.886 5
Lojistik 0.837 4
Teslimat 0.909 4
Kalite 0.917 3
Tedarikgi karari 0.868 3
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Tablo 13 ile belirtilen givenilirlik analizi sonuglarina gore tim olgekler Nunanaly (1978) tarafindan
belirtilen 0,70 referans noktasinin tizerinde gelmistir. Bu sonugclar neticesinde 6lcekler i¢sel tutarliliga
sahiptir.

Tanimlayici istatistiklerin hesaplanabilmesi i¢in hipotezlerde kullanilan tim veriler kullaniimistir.
Degerler Tablo 14’teki gibidir. Tabachnick ve Fidell (2013)’in degerlendirdigi, carpiklik ve basiklik
degerleri -1.5/+1.5 degerleri arasinda oldugu i¢in verinin normal dagildigini sdyleyebiliriz.

Tablo 14. Tanimlayici istatistik verileri

En kiigiik En yiiksek Ortalama Standart Sapma Carpiklik Basiklik

Sorumluluk 1 5 3.5092 0.93839 -0.453 -0.171
Lojistik 1.25 5 4.1427 0.69419 -0.887 1.109
Teslimat 1.25 5 4.2948 0.81617 -1.151 0.691
Kalite 1 5 3.9736 0.89617 -0.875 0.487
Tedarikgi karari 1 5 4.2472 0.78987 -1.074 0.984

Normal dagilima sahip degiskenler arasinda iliski olup olmadiginin incelenebilmesi adina Pearson
korelasyon testinden yararlaniimistir. Teste ait sonuglar Tablo 15’te verilmistir.

Tablo 15. Korelasyon test sonucu

Sorumluluk Lojistik Teslimat Kalite Tedarikgi karari

Sorumluluk 1
Lojistik 0.501%** 1
Teslimat 0.050 0.046 1
Kalite 0.569** 0.587** 0.059 1
Tedarikgi karari -0.051 0.080 0.441**  0.037 1

Tablo 15 incelendiginde, lojistik ve sorumluluk arasinda p=0.01 anlamlilik diizeyinde pozitif yonde ilimh
iliski vardir. Ayni sekilde kalite ile sorumluluk ve tedarikgci karari ile teslimat arasinda pozitif yonde ilmli
bir iliski vardir. Teslimat ile sorumluluk, teslimat ile lojistik ve kalite ile teslimat faktorleri arasinda ise
pozitif yonde zayif bir iliski bulunmaktadir. Tablo 16’da verilen ve ikincil seviye dogrulayici faktor analizi
yapilan degiskenler icin modelin dogrulanip dogrulanmadigini test etmek amaciyla yol analizi
yapilmistir. Yol diyagrami Sekil 2’deki gibidir.
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Sekil 2. Yol analizi degerlendirmesi

Tablo 16. Yol analizi test sonucu

Katsayr Std.Katsayr Std.Hata t P
Sorumluluk <--- Kalite 0.594 0.567 0.071 8.009 Ak
Teslimat <--- Kalite 0.021 0.022 0.094 0.232 0.817
Teslimat <--- Sorumluluk 0.059 0.065 0.099 0.658 0.51
Lojistik <--- Kalite 0.489 0.415 0.067 6.218 Ak
Lojistik <--- Teslimat 0.022 0.017 0.047 0.372 0.71
Lojistik <--- Sorumluluk 0.257 0.228 0.068 3.38 Ak
Tedarikei Karari  <--- Teslimat 0.503 0.502 0.067 7.479 kX
Tedarikgi Kararn  <--- Lojistik 0.159 0.197 0.117 1.681 0.093
Tedarikei Karan  <--- Sorumluluk -0.158 -0.174 0.093 -1.871 0.061
Tedarikei Karan  <--- Kalite -0.006 -0.006 0.098 -0.065 0.949
K3 <--- Kalite 0.798 1
K2 <--- Kalite 0.952 1.263 0.072 17.633  ***
K1 <--- Kalite 0.916 1.154 0.068 16.974  ***
L5 <--- Lojistik 0.852 1
L4 <--- Lojistik 0.719 0.88 0.074 11.851  ***
L3 <--- Lojistik 0.704 1.011 0.088 11.544  **x*
- 44 -
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(Tablo 16’nin devamidir.)

Katsayr Std.Katsayr Std.Hata t P

T1 <--- Teslimat 0.835 1

T2 <--- Teslimat 0.873 1.045 0.063 16.504  ***
T3 <--- Teslimat 0.813 0.987 0.066 14.872  ***
T4 <--- Teslimat 0.876 0.879 0.053 16.593  ***
S1 <--- Sorumluluk 0.717 1

S2 <--- Sorumluluk 0.901 1.389 0.102 13.58 Ak
S3 <--- Sorumluluk 0.86 1.406 0.108 12,986  ***
sS4 <--- Sorumluluk 0.907 1.385 0.101 13.668  ***
S5 <--- Sorumluluk 0.565 0.975 0.115 8.487 roEx
L2 <--- Lojistik 0.753 1.078 0.086 12.543  ***
TK4 <--- Tedarikgi Karari 0.92 1

TK3 <--- Tedarik¢i Karari  0.733 0.876 0.067 13.169  ***
TK1 <--- Tedarikgi Karari  0.845 0.902 0.057 15.758  ***

Tablo 16’daki degerler incelendiginde P=0.05 anlamlilik dizeyinde bazi degiskenlerin yordama
glclnin istatistiksel olarak anlamli olmadigi tespit edilmistir. Bu asamada anlamli olmayan yollar
modelden ¢ikartilarak yeniden bir analiz yapilmistir. Sirasiyla S-T, T-K, T-L, TK-K yollari ¢ikariimis olup,
bu degisiklik ve analizlerin sonucunda model Sekil 3'teki haline gelmistir.
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CMIN=282,248; DF=146; CMIN/DF=1,933; p=,000; RMSEA=,045; IFI=,956; CFI=955; NFI=912

Sekil 3. Yol analizi son sekli
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Tablo 17 ‘de modelin son halinin uyum degerleri incelendiginde, ki-kare istatistigi (CMIN/DF <=3,
p<0.01) ve uyum degerlerinden RMSEA<=0.05, IFI>=0.95 olmasindan 6tlirt iyi uyumlu CFI>=0.95 ve
NFI<0.95 kabul edilebilir uyumda ¢ikmistir.

Tablo 17. Son model uyum degerleri

CMIN DF CMIN/DF p  RMSEA CFI  NFl IFI
282,248 146 1,933 0,000 0,045 0,955 0,913 0,956

Tablo 17 igin degiskenlerin tahminlerine ait Amos metin ¢ikti degerleri ise Tablo 18‘teki gibidir.

Tablo 18. Degisken tahmin amos metin cikti degerleri

Katsayr Std.Katsayr Std.Hata t P
Lojistik <--- Sorumluluk 0.571 0.508 0.066 7.656 oorE
Tedarikgi karan  <--- Sorumluluk -0.165 -0.181 0.089 -2.044 0.041
Tedarikei karan  <--- Teslimat 0.505 0.503 0.067 7.498 *Ak
Tedarikei karan  <--- Lojistik 0.164 0.202 0.103 1.972 0.049
Kalite <--- Sorumluluk 0.61 0.634 0.078 8.167 *oxk
K3 <--- Kalite 0.794 1
K2 <--- Kalite 0.958 1.278 0.073 17.425  ***
K1 <--- Kalite 0.912 1.156 0.069 16.718  ***
L5 <--- Lojistik 0.855 1
L4 <--- Lojistik 0.722 0.88 0.075 11.772  ***
L3 <--- Lojistik 0.705 1.009 0.088 11.434  ***
T1 <--- Teslimat 0.835 1
T2 <--- Teslimat 0.873 1.045 0.063 16.508  ***
T3 <--- Teslimat 0.814 0.987 0.066 14.876  ***
T4 <--- Teslimat 0.876 0.879 0.053 16.589  ***
S1 <--- Sorumluluk 0.718 1
S2 <--- Sorumluluk 0.898 1.383 0.102 13.6 *RE
S3 <--- Sorumluluk 0.856 1.398 0.108 12.976  ***
sS4 <--- Sorumluluk 0.906 1.381 0.101 13.707  ***
S5 <--- Sorumluluk 0.568 0.978 0.114 8.545 ok
L2 <--- Lojistik 0.745 1.063 0.087 12.216  ***
TK4 <--- Tedarikgi karari 0.92 1
TK3 <--- Tedarikgi karari  0.733 0.876 0.067 13.14 Rk
TK1 <--- Tedarikgi karari  0.845 0.903 0.057 15.721  ***
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Model son halini aldiktan sonra, analizde dolayli, dogrudan ve toplam etkiler incelenmistir. Bu
degerlere ait sonuclar Tablo 19, Tablo 20 ve Tablo 21 ’deki gibidir.

Tablo 19. Toplam etkilere ait standardize edilmis degerler

Toplam Etki T S L TK K
L 0 0.571 0 0 O

TK 0.505 -0.071 0.164 0 O

K 0 0.61 0 0 O

Toplam etkilere ait standardize edilmis degerler incelendiginde sorumlulugun lojistigi toplam yordama
glclnin 0.57 puan. kaliteyi yordama giictiniin ise 0.61 puan oldugu gorilmektedir. Tedarikgi karari
faktorind yordama gliclerinin ise teslimat icin 0.505 puan sorumluluk icin negatif yonde 0.071 puan
lojistik i¢in 0.164 puan oldugu gorilmektedir.

Tablo 20. Dogrudan etkilere ait standardize edilmis degerler

Dogrudan T S L TK K
L 0 0.571 0 0 O

TK 0.505 -0.165 0.164 0 O

K 0 0.61 0 0 O

Dogrudan etkilere ait standardize degerler incelendiginde. sorumlulugun lojistigi direkt yordama
glclnin 0.571 puan kaliteyi yordama giiciiniin ise 0.61 oldugu goérilmektedir. Tek fark sorumlulugun
tedarikgi kararini yordama gliciiniin negatif yonde 0.165 puan olmasidir.

Tablo 21. Dolayli etkilere ait standardize edilmis degerler

Dolayh T S L TK K
L 0 0 0 0 O
TK 0 0094 0 0 O

K 0 0 0 0 O

Dolayli etkilere ait standardize edilmis degerler incelendiginde, sorumlulugun tedarikgi kararini dolayli
yordama giicliniin 0.094 puan oldugu gorilmektedir. Bu durum tedarikgi karari (izerinde sorumlulugun
hem dogrudan hem de lojistik araciligi ile dolayli etkisi oldugunu yani sorumlulugun tedarikgi tizerindeki
etkisinde lojistigin aracilik etkisini gostermektedir.

Sonuglar bir batin olarak degerlendirildiginde faktorlere ait hipotez testi sonuglari Tablo 22‘de verilip
yorumlanmistir.
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Tablo 22. Faktorlere ait hipotez testi sonuglari

Katsayr Std.Katsayi Std.Hata t P Sonug

Lojistik <--- Sorumluluk  0.571 0.508 0.066 7.656 e Kabul
TK <---  Sorumluluk  -0.165 -0.181 0.089  -2.044 0.041 Kabul
TK <---  Teslimat 0.505 0.503 0.067 7.498  ***  Kabul
TK <--- Lojistik 0.164 0.202 0.103 1.972 0.049 Kabul
Kalite <--- Sorumluluk  0.61 0.634 0.078 8.167  ***  Kabul

Tablo 23’teki analiz sonuglari standart katsayilarina gore teslimat ve sorumlulugun tedarik¢i karari
Uzerinde gicli olumlu etkileri oldugunu gostermektedir. Bu baglamda Hla ve H4 hipotezleri
desteklenmektedir. Farkli departmanlarda c¢alisanlarin, tedarikgi seg¢imini etkileyen faktorlerini
karsilastirmak amaciyla tek yonli varyans analizi (ANOVA) yapilmistir. Levene’nin varyans homojenligi
testinde Tablo 23’te p> 0.05 oldugu icin homojenligin saglandigi gortlmustiir. Tablo 24’te anlamhlik
situnundaki deger departman ve tedarikci secimi arasinda p<0.05 diizeyinde istatistiksel olarak anlamli
bir sonug¢ ¢ikarmamistir. Bu baglamda departman ve tedarik¢i secimi arasinda anlaml bir farkhlik
bulunmadigi icin H6 hipotezi reddedilmistir.

Tablo 23. Calisanlarin Levene’in homejenlik testi

Tedarikgi karari

Levene istatistik dfl df2  Sig.

1.962 4 235 0.101

Tablo 24. Calisanlarin faktorlere ait hipotez testi sonuglari

Tedarikgi karari

Karelerin toplami  df Ortalama Kare F Sig.

3.404 4 0.851 1.373 0.244

Farkl departmanlarda calisanlarin yaslarinin, tedarikci kararlari arasinda farkhlik olup olmadiginin
incelenmesi amaciyla tek yonli varyans analizi (ANOVA) yapilmistir. Levene’nin varyans homojenligi
testinde Tablo 25’te p> 0.05 oldugu icin homojenligin saglandig1 gérilmustiir. Tablo 26’da anlamlilik
stitunundaki deger yas ve tedarik¢i secimi arasinda p<0.05 diizeyinde istatistiksel olarak anlamli bir
sonug ¢cikarmamistir. Bu baglamda yas ve tedarikg¢i secimi arasinda anlamh bir farklihk bulunmadigi igin
H7 hipotezi reddedilmistir.

Tablo 25. Calisanlarin yaslarinin faktorlere ait hipotez testi sonuglari

Gemi ve Deniz Teknolojisi -48 - Issue 225 | June 2024



Tedarikgi karari
Levene istatistik dfi df2  Sig.
1.564 4 235 0.185

Tablo 26. Calisanlarin yaslarinin faktorlere ait hipotez testi sonuglari

Tedarikgi karari
Karelerin toplami df Ortalama Kare F Sig.

2.695 4 0.674 1.081 0.366

Tedarikgi kararinin cinsiyete gore bir farkhilk gosterip gostermediginin belirlenmesi amaciyla T-testi
kullanilmis ve sonuglar Tablo 27’de verilmistir. Tablo 27’de gorildigi tGzere p> 0.05 icin Levene gruplar
arasi varyans homojenliginin saglandigi gorilmektedir. Test sonucunda tedarikg¢i kararinin kadin ve
erkek calisanlar icin farklilasmadigi goriilmis (t=0.689 df=142.989 p=0.492), sonuclara gére H8 hipotezi

reddedilmisgtir.

Tablo 27. Tedarikgi kararinin cinsiyete gore etkisi

Levene's Varyans t-test Ortalamalar Esitligi
Homojenligi
F Sig. t df Sig. Ortalama Std. Hata 95% Farkin Glven
Fark Farki Aralig
Alt Ust
TK 0.008 0.930 0.706 238 0.481 0.07692 0.10897 -0.13775 0.29159
0.689 14.989 0.492 0.07692 0.11168 -0.14383 0.29767

Tedarikgi secimini etkileyen faktorleri belirlemek amaciyla yapilan ¢alismada on iki adet belirtilmis olan
hipotez testi sonuglari Tablo 28 ‘de verilmistir. Bu tabloya gore. belirlenmis olan H1. Hla. H1b. H4 ve
H5 hipotezleri kabul edilirken; Hlc. H2. H3. H5a. H6. H7 ve H8 hipotezleri reddedilmistir.

Tablo 28. Hipotez testi sonucu

Hipotez B p Sonug
H1 0.61 <0.001  Kabul
Hila -0.165  0.041 Kabul

Hib 0.571 <0.001 Kabul
Hlc 0.059 0.51 Red
H2 -0.06 0.949 Red
H3 0.021 0.817 Red
H4 0.505 <0.001 Kabul
H5 0.164 0.049 Kabul
H5a 0.022 0.71 Red

H6 - 0.244 Red
H7 - 0.366 Red
H8 - 0.492 Red

6. Degerlendirme ve Oneriler
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Yenilenen ve gelisen diinyamizda giin gectikce artan rekabet bircok sektdr ve firmaya alternatif yeni
yollar ve yeni ¢éziimler aramasi konusunda yén vermektedir. Ozellikle firmalarin bir tedarikgi ile
calismalari maliyetlerinin azaltilmasi, Grtn kalitesinin arttirilmasi ve is iliskilerinin saglam temellere
ulasabilmesi konularinda stratejiler Giretir. Zamaninda ve hizli teslimatlar basarili yénetim konusunda
etkili olmaktadir. Bu dogrultuda sektor fark etmeksizin her isletme gereken galismalari yapmalidir.

Denizcilik sektériinde yapilan g¢alismalar incelendiginde genellikle mihendislik ve fen bilimlerine
yonelik arastirmalarin oldugu; sosyal bilimler, davranis bilimleri ve istatistik gibi yardimci alanlar
kullanilarak literatiirde yapilan calismalarin az oldugu gériilmistiir. Ulkelerin gelisim gdsterebilmesi
icin dis ticaret faaliyetlerini gelistirmeleri son derece 6nemlidir. Bu ticaret faaliyetlerinin gelisimi iyi bir
lojistik ag1 ve bu lojistik ag1 sonucu olusturulacak iyi bir tasimacilik sektori ile gerceklesmektedir. Deniz
tasimaciligl 6zellikle kitalar arasinda Griin hizmetlerin nakliyesi bakimindan tlkemizde ilk sirada yer
almaktadir. Bu sebeplerden 6tlrl bu ¢alisma Tarkiye’de yer alan tersanelerin tedarik¢i secimine etki
eden faktorlerini yapisal esitlik modellemesi kullanilarak incelemek ve bu faktorlere detayli bir bicimde
yer vermek amaglariyla yapilmistir.

Literatlir incelendiginde tedarik¢i secimi konusunda bircok calisma yapildigi séylenebilmektedir. Bu
calismalar arasinda ilk sayilabilecek Dickson (1966) tarafindan yapilan ve 23 tane temel kriterin
belirlendigi inceleme 6nemlidir. Kalite ve teslimat faktorlerinin Gnemine vurgu yapilmistir. Genel olarak
tedarikgilerin degerlendirilmesinde iki yaklasim mevcuttur. ilk yaklasim siire¢ temelli degerlendirme
iken ikincisi ise performans temelli degerlendirme olarak gruplanabilmektedir. Performans bazli
degerlendirmede teslimatin zamaninda yapilmasi, maliyet, trin kalitesi gibi 6zellikler siralanirken
siire¢ bazl degerlendirmede Uretim ve hizmet siiregleri kriterleri incelenebilmektedir (Cetin ve Onder,
2015). Sektorler incelendiginde ortak kriterlerin oldugu gorilmdistir. Bu kriterler genel olarak fiyat,
teslimat, kalite ve lojistik parametreleriyle gruplanabilmektedir (Uluskan ve Akin, 2022). Yapilan
incelemeler sonucu bu calismada sorumluluk, lojistik, kalite, teslimat ve tedarik¢i karari faktorlerine
yer verilmistir.

Tedarikgi ile firmalar arasinda bircok parametre, istek ve beklentilerin agikga birbiri ile uyusmasi sonucu
olusmaktadir. Firmalar arasinda uzun dénemli anlasma yapilmal ve birbirleri arasinda gerekli
dayanisma sorumluluk ile gésterilmelidir. Ozalp (2016)'in yaptig calismada lojistik firmasinin tedarikgi
ve misteri firmasi ile kurdugu iletisim ve koordinasyonun sonucunda planlanan hammadde bekleme
ve stoklardaki gecikme zamaninin azaltilmasinda pozitif bir etki gbzlenmistir. Tuketicilerin hizli ve
devamli bir sekilde gesitlenen malzemelere yetismesi Uretim surecini hiz ve kalite agisindan kontrol
altinda tutmasi gerekmektedir. Siireclerin yonetilmesi, is etigi iliskisi ve etik orgit kiltirt ile diizene
getirilecektir. Firmalarin kazan¢ odakli olmanin 6tesinde zarara ugradiklari diger konulara ¢6zim
Uretmesi, sosyal ve gcevresel kaygilara cevap verebilmesi gerekmektedir. Stiphesiz firmalarin tedarik
zincirinde kalite, fiyat ve teslimat gibi kriterleri etiksel konularinda ele alinmasi gerekmektedir. Bu
¢alismada uygulanan model sonucunda da sorumluluk beklenildigi gibi tedarik¢i secimi tutumu ile
iliskili cikmis, sorumlulugun ayrica tedarikgi karari tGzerinde dogrudan ve lojistik araciligi ile dolayh bir
etkisi oldugu tespit edilmistir.

Nevsehirli (2007) ’ye gore tedarikgi, alaninda uzmanlasmis olmali ve bunun icin gerekli standartlara
uygun bir firma olmasi gerekmektedir. Fakat yapilan ¢alisma sonucunda firmanin kalitesinden daha ¢ok
firmanin verdigi hizmet ve teslimatin kaliteden daha 6nemli oldugu goézlenmistir ve belirlenen
parametrelerin tek basina anlam ifade etmedigi bircok parametre ile konunun degerlendirilmesi
gerektirdigini ortaya koymustur. Nitekim tedarik¢i se¢imi kriterlerine yonelik kalite parametresi bu
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arastirmada da incelenmis olup anlamli bir sonug elde edilememistir. Ayrica, gemicilik kurallari geregi
parcanin satin alimi gerekli klas kuruluslarina uygun olmasi gerektigi icin malzemenin belirli kalite de
ve sertifikasyona sahip olmasi gereklidir. Bu sebeple sorulan soruda kalite gbz ardi edilmis olabilecegi
icin kesin bir yanit verilememektedir. Teslimat ve lojistik faktorleri ise literatlirde de belirtildigi sekilde
literatlre benzer tedarik¢i secim kararina etki ettigi tespit edilmistir.

Arastirma bulgulari ayrica demografik 06zellikler ile etkilenip etkilenmedigi konusunda
degerlendirilmistir. Fakat yas, departman ve cinsiyet ile tedarikgi secimi tutumuna yonelik bir farklilik
tespit edilememistir. Bunun sebebi belirlenen faktorlerin kisiye, yasa ve statllye gore degismemesi
sebebinden kaynaklanabilir.

Tedarik¢i segiminde kullanilan kriterler tedarik¢i segiminin ulusal veya uluslararasi olmasina,
bulundugu lkeye, bulundugu sektore, mali kaynaklarina, firmalarin vizyon ve misyonuna gore
degisebilmektedir. Gelecek arastirmalarda birden fazla sektor kullanilarak yurtici ve yurtdisi lokasyonu
dikkate alinarak daha genis bir 6érneklem ile ilgili faktorlerin tekrar incelenmesinin faydali olacagi
dislnilmektedir.

7. Sonug ve Arastirma Kisitlari

Bu calisma tedarikci secimi tutumuna yonelik sorumluluk, lojistik, teslimat ve kalite konularindaki
etkileri ile cinsiyet yas departman gibi faktorlerin tedarikgi karari ile bir iliski icerisinde olup olmadigini
belirlemeyi amaglamigtir. Bu dogrultuda tedarikgi se¢imine etki eden durumlarin sorumluluk, teslimat
ve lojistik faktorlerinin oldugu, kalite parametresini se¢im kararina etki etmedigi tespit edilmistir.
Faktorler arasi uyuma bakildiginda sorumluluk ile kalite arasinda, sorumluluk ile lojistik arasinda bir
iliski oldugu goriilmustur. Sorumluluk ile teslimat arasinda, kalite ile lojistik arasinda, kalite ile teslimat
arasinda ve lojistik ile teslimat arasinda ise bir iliski tespit edilememistir. Sorumlulugun tedarikgi karari
Uzerinde hem dogrudan hem de lojistik araciligi ile dolayl etkisi oldugu gorilmdistir. Ayrica standart
katsayilarina gore teslimat ve sorumlulugun tedarikgi karari izerinde gii¢li olumlu etkileri oldugunu
gostermektedir. Tedarikgi secimine etki eden faktorlerde cinsiyet, yas ve departman gibi demografik
ozellikler arasinda farklilik ve iliski goriilmemistir.

Arastirma sonuglari ele alinirken calismadaki birtakim kisitlar dikkate alinmalidir. Oncelikle bu
arastirma yalnizca Tirkiye’de tersanede calisan kisilerin tedarik¢i secimine yonelik tutumlarini
incelemektedir. Arastirmaya katilan kisi sayisi az ve yas ile cinsiyet gibi demografik 6zellikler belli bir
referans araligi icerisinde yer almistir. inceleme sonuglarinin genellestirilebilmesi adina bundan sonraki
yapilacak olan calismalarda arastirmanin biyik 6rneklemler ile farkli cografyalarda gerceklestirilmesi
Onerilmektedir.
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OzET

Klresel enerji talebinin artmasi ve fosil yakitlarin gevresel etkilerine iliskin endiseler nedeniyle daha
temiz, surdurilebilir alternatiflere acil ihtiya¢ duyulmaktadir. Bu galisma, yenilenebilir enerji
baglaminda dalga enerjisinin kiyr yapilarinin gii¢ ihtiyaglarina potansiyel katkisini vurgulamaktadir.
Arastirma, kiyr yapilarina entegre edilebilecek, bdylece bu yapilarin glg ihtiyacinin bir kismini
karsilayabilecek bir Salinimli Su Kolonu (OWC) sistemi igin glic ¢ikisi ve verimliligi degerlendirmektedir.
Hem teorik hesaplamalardan hem de 1:10 6lgekli bir model deneyinden elde edilen bulgular
sunulmustur. Tam bir prototip icin sistemin ¢ikis glici ve verimliligi, 3 m dalga ytksekligine sahip derin
su kosullari icin hesaplanmistir. Hazne icindeki su yiizeyi saliniminin hazne disinda meydana gelen
salinimi yansittigi varsayllmistir. Tam 6lgekli prototip icin 22.5 m dalga boyuna karsilik gelen maksimum
ortalama mekanik glic ¢ikisi 64.8 kW olarak belirlenmis ve %64.4'liik bir mekanik verim elde edilmistir.
Sistemin genel verimliligi, jenerator verimliliginin %85 oldugu varsayilarak %55 olarak hesaplanmis ve
bu da yaklasik 55 kW'lik bir ortalama glic ciktisi saglamistir. Wells tlirbinli OWC sisteminin 1:10 6lcekli
bir modeli olusturulmus ve derin su kosullari icin bir tankta test edilmistir. Froude benzerligi ve
Keulegan-Carpenter benzerligi kullanilarak modelden prototipe sorunsuz bir gegis saglanmistir. OWC
modeli, T = 1.2 s periyotla kontrolli dalip-gikma hareketine tabi tutulmustur. OWC modeli tarafindan
Uretilen glig, Wells tiirbini Gzerindeki entegre dort adet 3.4 V LED'i aydinlatmis ve bu da dretilen giig
cikisini 6lgmek igin kullaniimistir. Modelin giig¢ ¢ikisi 107 rpm ddndis hizi igin minimum 0.12 W olarak
Olctlmustir ve bu da 6lgeklendirilmis prototip igin 12 kW'lik bir gli¢ ¢ikisina karsilik gelmektedir. Bu
sistem, dalga etkisine maruz kalan kiyi yapilarina birden fazla OWC'nin dahil edilmesiyle daha fazla
gelistirilme potansiyeline sahiptir. Bu tir bir gelisme, kiyi yapilarinin glic gereksinimlerinin
karsilanmasini kolaylastirabilir ve béylece hem yenilenebilir enerji Gretiminin hem de stirdirlebilir bir
cevrenin tesvik edilmesine katkida bulunabilir. Gelecekteki arastirmalar, belirli sahalar icin OWC hazne
boyutlarini optimize etme ve su yiizeyi salinim dinamiklerini daha iyi yakalayacak sekilde modeli
iyilestirmeye odaklanacaktir.

Anahtar Kelimeler: Yenilenebilir enerji, dalga enerjisi, salinimli su stitunu, strdirilebilirlik
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ABSTRACT

With the global energy demand escalating and concerns over the environmental impact of fossil fuels,
there's a pressing need for cleaner, sustainable alternatives. This study highlights the potential
contribution of wave energy to the power needs of coastal structures in the context of renewable
energy. The research evaluates the power output and efficiency for an Oscillating Water Column
(OWC) system that can be integrated into coastal structures to meet part of their power needs.
Findings from both theoretical calculations and a 1:10 scale model experiment are presented. The
mechanical power output and efficiency of the system for a full-scale prototype were calculated for
deep water conditions with a wave height of 3m. The water surface oscillation inside the chamber is
assumed to reflect the oscillation occurring outside the chamber. The maximum average mechanical
power output for the full-scale prototype, corresponding to a wavelength of 22.5 m, was determined
to be 64.8 kW, achieving a mechanical efficiency of 64.4 %. The overall efficiency of the system is
calculated as 55 % by assuming the generator efficiency to be 85 %, resulting in an average power
output of approximately 55 kW. A 1:10 scale model of the OWC system with a Wells turbine was
constructed and tested in a tank for deep water conditions. Froude similarity and Keulegan-Carpenter
similarity were used, ensuring a seamless transition from the model to the prototype. The OWC model
was subjected to controlled heaving motion with a period of T = 1.2 s. The power generated by the
OWC model illuminated four integrated 3.4 V LEDs on the Wells turbine, which were used to measure
the power output produced. The power output of the model was measured to be a minimum of 0.12
W for a rotational speed of 107 rpm, which corresponds to a power output of 12 kW for the scaled-up
prototype. This system has the potential for further enhancement by incorporating multiple OWCs into
coastal structures exposed to wave action. Such development could facilitate meeting the power
requirements of coastal structures, thereby contributing to the promotion of both renewable energy
generation and a sustainable environment. Future research will focus on optimizing OWC chamber
sizes for specific sites and refining the model to better capture water surface oscillation dynamics.

Keywords: Renewable energy, wave energy, oscillating water column, sustainability
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1. Introduction

While the world's energy needs are constantly increasing recently, much of it is met by fossil fuels.
However, the harm that fossil fuels have on the environment is an important consideration. This issue
relates to industrialized and developing countries that signed the Kyoto Protocol in 1997 to control
and reduce carbon emissions in the atmosphere. The Kyoto Protocol was an amendment to the United
Nations Framework Convention on Climate Change (UNFCCC), a pivotal international treaty that was
entered into force on March 21, 1994, aimed at mitigating global warming (Kyoto Protocol to the
United Nations Framework Convention on Climate Change, 2023). By uniting nations, its primary
objective was to address the inevitable consequences of rising temperatures. The protocol imposed
legally binding provisions on ratifying countries, surpassing the strength of those outlined in the
UNFCCC. The Kyoto Protocol established precise emission reduction targets for industrialized
countries, with an exemption for developing countries. In order to achieve these targets, most
countries that ratified the protocol were required to employ various strategies. One prominent
strategy involved a shift towards enhanced utilization of renewable energy sources, such as solar
power, wind power, ocean energy, and biodiesel, as substitutes for conventional fossil fuels.

While the majority of industrialized nations endorsed the Kyoto Protocol, economic considerations led
some signatory countries to express reservations (Shishlov et al., 2016). Despite being finalized in
Kyoto, Japan, in 1997, the protocol only took effect in 2005 after extensive negotiations. As the 1997
Kyoto Protocol focused on developed countries, only 84 countries signed it and implemented the
framework. But 196 countries have signed the 2015 Paris Agreement, which goes even further and
places responsibility on all countries to limit emissions (The Paris Agreement, UNFCCC, 2024).
Meanwhile, the severity of environmental pollution stemming from fossil fuels has escalated
significantly. In addition to relying on fossil fuels, many developed countries constructed nuclear power
plants to fulfill their energy requirements and derive energy from nuclear sources. However, the
potential for natural disasters, substantial negligence, and other factors pose a significant risk. As a
result, nations with nuclear power plants are progressively opting for the phased closure of these
facilities as a strategy to mitigate the associated risks (PRIS - Reactor Status Reports - Permanent
Shutdown - By Country, 2024).

Extensive research has been conducted in the realm of clean energy to mitigate the potential disasters
stemming from the misuse of nuclear power plants and the pollution associated with fossil fuels. The
outcomes of these investigations have fueled a growing inclination towards renewable energy sources
(Dey et al., 2022). This shift is characterized by a heightened focus on energy alternatives that
substantially decrease environmental pollution. As a result, the adoption of renewable energy is on
the rise, reflecting a concerted effort to address environmental concerns and promote sustainable
energy practices.

Given Tirkiye's unique geographical positioning with three sides surrounded by seas, a strategic focus
on wave energy sources is a necessity. Although the wave potential might not be ample for significant
clean energy generation, it is important for newly constructed coastal structures to be designed to
meet at least a portion of their energy requirements. Retrofitting existing coastal structures with wave
energy converters, if possible, should also be considered. For such a goal, an Oscillating Water Column
(OWC) system is one of the best alternatives (Zheng et al., 2019). The main focus of this study concerns
the theoretical estimation of both the efficiency and potential power output generated by an OWC
system specifically designed for integration into coastal structures. The aim is to support these
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theoretical assessments with experimental findings and ultimately aim to meet the power
requirements of coastal structures.

1.1. Wave energy converters

Ocean waves contain tremendous energy potential. When it comes to energy production from the
oceans, energy production from the waves is the most advantageous commercial method and is
preferred by many companies (Minerals Management Service, 2006). Wave energy exhibits a range of
advantages and drawbacks. On the positive side, it is renewable, environmentally friendly, abundant,
predictable, and poses no harm to land. Harnessing this energy is relatively straightforward.
Conversely, it is limited to specific locations, can have adverse effects on marine ecosystems (Grecian
et al., 2010; Hutchison et al.,, 2022), disrupts vessel traffic, introduces noise and visual pollution
(Patricio et al., 2009), and underperforms in inclement weather conditions.

Wave Energy Converters (WECs) are devices designed to harness energy from either the movement of
waves at the surface or the pressure variations beneath the water's surface. These devices generate
electricity using one of the following three functions: wave motion, wave pressure, and air pressure.
These systems are further divided into two as fixed or floating systems. The wave energy is obtained
from the movement of the equipment which is fixed to the float or seabed. While numerous designs
and concepts exist, WECs can generally be categorized into three main types: attenuators, point
absorbers, and terminators (Drew et al., 2009). Attenuators are systems with floating parts that move
with the waves. They use wave motion as the driving force. The kinetic energy of the wave moves the
turbines and drives electricity generation. Pelamis® is an example of such systems (Rodrigues, 2008).
Point absorbers make use of the pressure difference created by the rising and falling water level due
to the wave action to generate electricity. These structures can either be floating, moving up and down
on the water's surface, or submerged below the water surface (Drew et al., 2009). Terminators are
positioned perpendicular to the wave direction. These devices typically include a component that
moves up and down in response to the waves. This reciprocal motion is utilized to pressurize fluid,
which in turn drives a turbine, generating energy. An example of a terminator-type WEC is the Salter's
Duck, developed at the University of Edinburgh. (Falcdo, 2010). It is also possible to classify WECs based
on their operation modes. This classification includes submerged pressure differential devices,
oscillating wave surge converters, oscillating water column (OWC) devices, and overtopping devices.

1.2. OWC Systems

OWC systems represent a first-generation of WECs and are widely used in coastline applications. One
of the earliest OWC system was integrated into a cliff at Toftestallen, near Bergen in 1985. Another
small OWC shoreline prototype was deployed at the island of Islay, Scotland in 1991 (Falcdo, 2010;
Henriques et al., 2016). UK, Portugal, India, and Japan are the leading countries that installed and are
still working on OWC systems (Cruz, 2008). OWC systems are preferred more often by energy
companies because of the cheaper and easier cost and maintenance compared to other WEC systems.
OWC systems have the flexibility to be constructed onshore, nearshore, or offshore. Nevertheless,
each location comes with its distinct set of drawbacks: offshore structures have disadvantages such as
high maintenance costs and difficulties in energy transfer, while systems in the shallow zone should be
durable to cope with the increased kinetic energy due to the breaking of waves approaching the shore.
The deployment of shoreline devices could be limited by the shoreline geology, tidal range and the
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requirements of preservation of coastal scenery, etc. (Cruz, 2008).

Conversely, a well-designed OWC system tailored to the specific site can generate sufficient power to
fulfill the energy requirements of the structure it is integrated into. These systems, integrated into
marine structures like ports, docks, etc. offer an alternative to high-carbon footprint generators. Their
value becomes particularly evident as they generate electricity consistently, even in unfavorable
weather conditions when the city's power grid may face challenges. Thus, they emerge as an ideal tool
for environmental sustainability.

OWC systems (Figure 1) are typically designed to be stationary. The fundamental principle of OWC
technology involves harnessing energy through the rotation of an air turbine driven by the movement
of air trapped and released during wave oscillation. In these systems, seawater brought in by the waves
enters through the bottom of an enclosed structure, known as the chamber. As the water rises within
the chamber, it compresses the air inside. At the top of the OWC system, a turbine is placed. The
compressed air is directed to the turbine through a specially designed funneling interior. Subsequently,
as the gravity-driven wave recedes, it creates a vacuum within the system, leading to the influx of
external air through the turbine. This airflow causes the turbine to rotate, thereby converting the wave
energy into mechanical energy. By connecting a generator to the turbine, the mechanical energy
generated can be further transformed into electrical energy. This process illustrates how OWC systems
facilitate the conversion of wave energy into a usable and sustainable form of power.

OwWC owC

Walls turbine Walls turbins

Chamber

Front wall

Wawve crest

Figure 1. Schematic layout of an OWC system at compression and suction stages (Cui & Liu, 2015)

Conventional turbines are typically engineered for fluid movement in a specific direction.
Consequently, when integrated into OWC energy conversion systems, these turbines may generate
energy either during the compression of air or its suction, leading to a reduction in overall efficiency.
To optimize energy production and capture the maximum potential of the system, a self-rectifying
turbine becomes essential. This specialized turbine rotates consistently in the same direction during
both the air compression and suction stages, ensuring enhanced efficiency throughout the OWC
energy conversion process.

While OWC systems boast a straightforward structure, they offer significant prospects for
development and efficiency enhancements. Extensive research has been conducted on OWC systems
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(Brito-Melo et al., 2002; Josset & Clément, 2007; Martins-Rivas & Mei, 2009; Orphin et al., 2022).
Despite the progress made, it's important to note that OWC systems are still undergoing development.

1.3. Wells Turbine

Presently, three types of self-rectifying air turbines are in use: Wells Turbine, Impulse Turbine and
Dennis-Auld Turbine. Wells Turbines capable of bi-directional operation is best suited for the OWC
systems. The Wells Turbine (Figure 2), was first conceptualized in 1980 in Belfast (Carija et al., 2012).
The most important feature of the Wells turbine is that each airfoil blade is symmetrical for the axis
passing through the blade center.

[}
Osdillating A
airflow -1

| A
Oscilating ~p<i __ _ g
airflow o

Figure 2. Outline of Wells’ turbine (Okuhara et al., 2013)

Symmetric airfoil blades, positioned around an axis of rotation, rotate in the tangential force direction
which acts only in one direction independent of the direction of airflow (Mohamed, 2011) (Figure 3).
Consequently, the Wells turbine exhibits a stable rotation in one direction, ensuring continuous power
generation for the connected electrical generator, irrespective of changes in the airflow direction. If
the airfoil is oriented at an angle of attack a within a fluid flow, it generates a lift force L, perpendicular
to the free stream, and a drag force, D, aligned with the direction of the free stream. The combined
aerodynamic force, Fg, resulting from the lift and drag forces, is expressed as follows:

Fp = VIZ + D2 (1)

The resultant force can be decomposed into its axial and tangential components, F4 and F; respectively.
These components can be further expressed in terms of lift and drag as:

F, = Lcosa + Dsina (2)
F; = Lsina — Dcosa (3)

The tangential force, denoted as F;, is accountable for generating torque, thereby contributing to the
blade power. On the other hand, the axial force, represented as Fa, leads to an axial thrust along the
rotor's axis. In the context of a symmetrical airfoil section, the tangential force F; retains its direction
for both positive and negative values of a, whereas the axial force F4 undergoes a reversal in its
direction. This results in a unidirectional rotation of the device when exposed to alternating airflow
(Mohamed, 2011).
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Figure 3. Aerodynamic forces acting on a Wells turbine blade (a) compression stage, (b) suction stage
(Shehata et al., 2017)

2. Materials and Methods

Coastal structures, such as breakwaters, offshore platforms, and submerged pipelines, may encounter
deep water conditions depending on their location and the characteristics of the surrounding ocean or
sea. These conditions are crucial considerations in the design and assessment of coastal structures to
ensure their stability, functionality, and resilience against wave action and other environmental forces.
A 1:10 scale oscillating water column (OWC) model was constructed for experimental evaluation.
Theoretical computations were conducted to ascertain its performance under deep water conditions.

The choice of model scale and the depth of the testing tank were pivotal in establishing the upper limit
of the oscillation period. The lower limit of the period was determined based on the critical wave
steepness value that could lead to wave breaking. Subsequently, calculations were performed to
determine various parameters including wave length, wave power, rotational power, and system
efficiency. The OWC model underwent controlled heaving motion within the tank, where the minimum
power output was gauged through the illumination of LEDs. The resultant power data from the OWC
model experiment was then scaled up and compared with the theoretical estimations for the
prototype. These steps are explained in detail in the following subheadings.

2.1 Model Construction

The aim of this research is to design an OWC system for integration into marine structures, particularly
breakwaters. The objective is to provide a sustainable energy solution for these structures, inherently
exposed to wave loading. In this context, a model of an OWC system suitable for integration with
marine structures has been constructed. The emphasis is on the simplicity of the working principle and
the ease of installation at a laboratory scale. OWCs are designed to produce electrical energy by
converting wave energy. These systems have equipment that provides the electrical cycle as well as
chambers where the increasing water column compresses the air inside. In the OWC operating
principle, the turbine takes its energy from the compressed air stream, although the energy is
harnessed from the wave.

The OWC system in this study comprises two main components: a chamber for compressing and
pressurizing air and a Wells turbine utilizing the air pressure difference as the driving force to generate
electricity. The subsequent subheadings provide a detailed description of the Wells turbine
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construction and chamber design for the 1:10 scale model.

2.1.1. Construction of Wells Turbine

A 20 cm diameter LED (Light Emitting Diot) computer fan (Figure 4a) was employed as a substitute for
the Wells turbine, generator, and rotor assembly (Figure 2). Due to the incompatibility of the computer
fan blades with those of a Wells turbine, they were removed (Figure 4b) and are set to be replaced
with blades that align with the Wells turbine design.

Figure 4.a) 20 cm DC12V 0.30A LED computer fan b) The skeleton of the fan with the original blades
removed

Typically designed for electricity consumption, computer fans operate as consumers of electrical
power. In adapting the existing computer fan for use as a Wells turbine, a crucial transformation was
required: shifting the fan's role from an electricity consumer to an electricity generator. This
necessitated a modification of the fan's original circuitry to facilitate the generation of electricity.
Initially, the modification process involved the removal of the Integrated Circuit (IC) pin. Figure 5a
shows four slender copper wire windings and the detached IC pin.

Figure 5. a) Copper wire windings and detached IC pin, b) Connection points of copper wires at the
back of the fan, c) Drilling holes in the cover section, d) Soldering copper cables to copper windings.

The red and black copper wires on the fan (Figure 5b) serve to regulate the incoming current circuit,
while the white copper wire is employed for adjusting the rotational speed. The copper wire windings
are soldered to the points indicated by the arrows in Figure 5b. There are magnets inside the main
body where the blades are mounted and the rotor is connected. When the rotation takes place, electric
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current is generated on the copper wire windings. To facilitate the transfer of the generated electricity,
holes were drilled in the cover section (Figure 5c). Subsequently, copper cables were soldered (Figure
5d) to copper windings, establishing a connection for the transmission of the generated electricity to
the targeted circuit.

To optimize the aerodynamic performance of the turbine model, the original blades were replaced
with new ones designed to conform to the NACA0020 airfoil profile. The NACA0020 airfoil profile, well-
known for its high efficiency, is widely recognized as one of the predominant blade profiles utilized in
Wells turbines (Cruz, 2008), (Shehata et al., 2017). Six symmetrical blades were constructed and
affixed to the fan body. A quarter circle with an outer radius of 9 cm and an inner radius of 3 cm was
cut from PVC, Styrofoam was inserted inside, folded symmetrically, and the edges were joined (Figure
6) to form the new blades.

Figure 6. Side view of the six symmetrical sectioned NACA0020 blades

2.1.2. Construction of the Chamber

The next step in this study was to design a chamber in which the elevated water would compress the
air and the compressed air would rotate the blades of the Wells turbine. A simple OWC chamber model
is constructed with a truncated cone-shaped plastic container. The model chamber has an outlet
diameter of 30 cm and an inlet diameter of 40 cm. The construction of the OWC model was completed
by mounting the Wells turbine with a fan diameter of 20 cm at the outlet of the chamber model. A
schematic representation of the OWC system along with the solid model is given in Figure 7.

380.00

| 400.00 ‘

Figure 7. Geometric properties and the solid model of the OWC system.
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The inner surface of the chamber is covered with a plastic layer to ensure a conical geometry. This
configuration accelerates the flow inside the chamber and efficiently directs the air flow to the turbine.
In addition, a layer of silicone is applied between the plastic sheet and the chamber to ensure a secure
seal.

2.2. Calculation of Wave Power (Py)

The wave power (Py) and the wavelength (A) are determined using the standard linear wave theory
(Heller, 2012) for deep and shallow water conditions, as follows:

Pw,deep = pwater.ngHZW/szn , A= gTZ/ZTT (4)

T2
Pw,shallow = pwaterngszW/8)\ ’ A= gz_n tanhkd (5)

where p,qter IS the water density, g is the gravitational acceleration, T is the wave period, d is the
water depth, w is the width of the wave crest presented to the chamber, H is the wave height and k is
the wave number, which is:

k=2m/A (6)

2.3. Calculation of Mechanical Power Output (P;)

A schematic representation of a forcing linear wave profile and the corresponding wave properties is
provided in Figure 8, along with the depiction of the OWC system utilized in this study. In the employed
model, the water-air chamber is in the form of a truncated cone, with circular inlet and outlet sections.
The methodology for calculating the power output of the OWC system relies on the heave velocity of
the water column within the chamber, derived from the displacement value.

The volumetric air-flow rate into the OWC chamber can be calculated as:

Botlom X

Figure 8. The model chamber and water wave properties. R; is the radius of the model chamber at the
still water level (SWL), Ro is the inlet radius, R, is the outlet radius of the chamber model and h(t) is the
water level time series inside the chamber. A is the wavelength, H is the wave height, d is the water
depth.

Q=41 (7)

where A; is the cross-sectional area of the water column at the SWL in the chamber and V; is the
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average velocity of the water column at the SWL in the chamber (Kelly et al., 2013).

Using the continuity equation, the average output velocity V,can be calculated.

_ Avy  mRivy

_ _ (R)?
Vo = A, — mwRZ (Rz) 1 (8)

If we assume that the maximum water level change in the chamber will be hpmqx =H in time T/2 then the
average air velocity at the SWL, V; will be

hmax
Vl = T/Z (9)

Combining Equation (8) and Equation (9), the average air velocity at the outlet, V>, is found

v, = (2) 2 (10)

R, T

The airflow velocity at the blades, namely V5, is directly proportional to the wave height and decreases
as the wave period increases.

The water level change in the chamber can be expressed as:

n(x,t) = % sin(kx — at) (11)
The initial volume of air confined in the chamber at the initial time ty is
Ve="2[R; — R}] (12)

where m is the slope of the lateral surface of the chamber.

The volume of sucked/compressed air, V,(t), at time t as a result of change in water level is:
m H . 3
V() ==~ [Rf — (R1 ———sin(kx — at)) ] (13)

The volume of air trapped in the chamber at time t is the initial volume of air plus/minus the
sucked/compressed air volume which is:

Vair(t) = Ve =V, (1) (14)

m H 3
Vair () = =~ [(Rl — 5 —sin(kx — at)) — R%] (15)
My — Moy = d;ntw (16)

The rate of change of the air volume V;,.(t) is the air volume flow rate passing through the turbine
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Vair () = dv‘;;:(t) =70 [(Rl - %sin(kx - at))z] E cos(kx — at)] (17)

A wind turbine captures kinetic energy from the airflow, characterized by the speed V,;,- and mass flow
rate mg;,- and transforms it into mechanical rotational power. Applying the Bertz’s limit (16/27)
(University of South Florida & Blackwood, 2016) which is the theoretical maximum efficiency for a wind
turbine, we can write the total mechanical rotational power of the system as:

_1(16\ . _ 8 pairy
Pt - E(;) mairVazir - E :ér vair(t)3 (18)

where p.ir is the air density and A. is the turbine cross-section area. The total delivered energy during
one period T of the incident wave can be expressed as:

E =4[" Pt (19)

The mechanical efficiency (%) of the system in converting wave power to rotational power is given by:

np = (P¢/Pw) X 100 (20)

where P:is the average rotational power output of the system, P,, is the mean wave power transmitted
for width w of the wave front in the direction of wave propagation.

2.4 Experimental Setup

The model is tested in a tank at the Ata Nutku Ship Model Testing Laboratory located at ITU Faculty of
Naval Architecture and Ocean Engineering. The tank width is 1.4 m and the water depth is 1.3 m. The
schematic depiction of both the model OWC system and the tank's geometric configuration is
illustrated in Figure 9.

1300.00

1400.00

- -

Figure 9. The OWC model and schematic layout of the model and the tank geometry.
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The circuit on the electronic board of the computer fan has four 3.4 V LEDs. Initially, the electric circuit
of the model is tested by blowing air to force the blades to rotate. The rotation of the blades induced
rotation in the rotor, generating an electrical current along the copper wires, consequently lighting up
the LEDs. The OWC system model is then tested in the tank to see whether the water elevation inside
the chamber is sufficient to trigger rotation of the blades. The rotation of the blades is effectively
driven by the airflow generated through the water level changes within the chamber. A voltmeter is
used for measuring the potential difference (V) across the circuit integrated on the electronic board of
the Wells turbine. During the model experiments, while the wave forcing was manually generated,
recordings were captured using a high frame rate camera, and the applied wave period was
determined through analysis of these recordings.

3. Results and Discussion
3.1. Experimental Results for the Model

The OWC model was forced manually to heave in the tank with a period of T= 1.2 s. This period value
is within the range of deep-water condition. Remarkably, the power generated by the simple model
OWC system proved sufficient to illuminate all four 3.4 V LEDs (Figure 10). The LED serves as an
indicator, emitting light only when it receives sufficient electrical power, making it a useful tool for
measuring the power generated by the model OWC.

Figure 10. Four 3.4 V blue LEDs are illuminated.

A voltmeter recorded a 2 V potential difference across the circuit integrated on the electronic board
of the Wells turbine in the tank, when LEDs emit low brightness light. The forward current and
brightness of LEDs vary depending on both the semiconductor material and applied voltage. The
terminal voltage was changed by using a variable voltage source, and the total system current at the
terminals that is summation of the currents of all system elements such as LEDs, coils, driver etc. was
measured. The change of total system current with terminal voltage of the fan is given in Table 1.
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Table 1. The change of total current with terminal voltage of the fan

Terminal Voltage (Voc) Total system current (mA) LED brightness
2.6 32 low brightness
4 60 normal brightness
6 103 normal brightness
8 146 high brightness
10 190 high brightness

It was seen from the experiments that the model is capable to generate electrical power. Since the air
turbines within OWCs operate at low rotational speeds, it's crucial to identify the ideal turbine
rotational speed and develop an energy-optimized control system (Rosati et al., 2022). Measurements,
including rotational speed, voltage, current, and frequency, were also performed. As a sample case, at
a rotational speed of 107 rpm, the voltage was measured as 6 V, the current drawn by a single LED was
5 mA. Under this operating condition, the total led current is calculated as / =4 x 0.005 A = 0.02 A, the
consumed power on 4 LEDs is calculated as Pconsumed= 6 V x 0.02 A = 0.12 Watts. Considering the model
scale, the prototype power output is expected to be 10° times the model power output, leading to a
power output of 12 kW for the scaled-up prototype.

Since the fan motor used in the model is a brushless motor, it generates AC electrical power, and both
the frequency and terminal voltage depend on rotational speed. When assessing the model’s feasibility
for a specific location, choosing the right electrical generator is crucial. According to literature (Amilibia
& lturregi, 2010), two generator types suitable for use with variable-speed turbines in wave-based
power generation are the synchronous permanent magnet generator (PMG) with the frequency
inverter and the asynchronous induction generator. The efficiencies of PMGs and DFIGs (Double Fed
Induction Generators) range from 0.86 to 0.95 depending on the type and size of the generator.

3.2. Theoretical Results for the Prototype

The geometric properties of the model and prototype OWC are given in Table 2. Froude (Fr) similarity
and Keulegan-Carpenter (KC) similarity are used respectively, for scaling up the model heave velocity
and model period to full-scale prototype values. Thus, the prototype period is found to be V10 times
the model period (Tm= 1.2 s), which corresponds to T = 3.8 s for the prototype.

Table 2. Model and prototype OWC parameters.

Parameter Model Prototype
Inlet Diameter [m] 0.40 4.0
Outlet Diameter [m] 0.20 2.0
Diameter at SWL [m] 0.15 1.5
Chamber Height [m] 0.38 3.8
Wave Height [m] 0.30 3.0
Period [s] 1.20 3.8
Deep water wave length [m] 2.25 22.5

Equation 4 was employed to calculate the wave power (Py), Equation 18 was used for the mechanical
power output (P:), and Equation 20 was used for determining the mechanical efficiency (n,) values
corresponding to various wavelengths. The outcomes of these calculations are presented in Table 3.
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At the determined wave height, rotational power and mechanical efficiency increase as the wave
length decreases. Deep water waves break when the wave steepness H/A reaches the threshold value
of (1/7) (Dean and Dalrymple , 1994). In our case, for a 3 m wave height the lower limit for the
wavelength is A =21 m. This is the lowest wavelength that a deep-water wave with the specified height
can maintain its stability. Below this value, the wave will break. On the other hand, when the
wavelength exceeds A = 26 m, deep water condition is violated. This is the upper limit for the
wavelength. The scaled-up wavelength for the prototype, A = 22.5 m, falls within this range.

Table 3. Variations of mechanical power output and efficiency versus wavelength for the prototype

Deep Water
Prototype Intermediate Water Condition
Condition

T[s] 3.67 | 3.80 | 400 | 438 | 473 | 5.00 | 537 | 566 | 593 | 6.20 | 6.45 | 6.70 | 6.93 | 7.16
Ao [M] 21 22,5 25 30 35 40 45 50 55 60 65 70 75 80
A[m] 21 225 25 299 | 344 | 388 | 43.1 | 469 | 50.7 | 544 | 57.8 | 61.2 | 64.1 | 67.1
P: [kW] 719 | 64.8 | 555 | 423 | 336 | 284 | 229 | 196 | 17.0 | 149 | 13.2 | 11.8 | 106 | 9.7
Np (%] 739 | 644 | 524 | 364 | 268 | 214 | 16.1 | 13.0 | 10.8 | 9.1 7.8 6.7 5.8 5.1

The maximum instantaneous air volume flow rate (Figure 11a), maximum instantaneous mechanical
power output and average mechanical power (Figure 11b) were calculated for the scaled-up prototype,
where the period is T = 3.8 s. The average mechanical power output for the prototype was determined
to be 64.8 kW with a mechanical efficiency of n,= 64.4 % (Table 3).

The rate of airflow through the turbine fluctuates over time in response to variations in the water level
within the tapered chamber (Figure 11a). The volume flow rate is taken as positive during the suction
stage where air in the chamber flows in the downward direction. The volume flow rate is taken as
negative during the compression stage where the air in the chamber flows in the upward direction.
The volume flow rate is zero at the end of the suction and compression stages where the air motion
halts and changes direction. The first 0.95 seconds of one period is the suction stage where the water
level keeps going down. The compression stage takes place between 0.95 and 2.85 seconds of one
period and the water level goes up in this stage. The mechanical power output of the system varies
over time (Figure 11b), reaching zero at the 0.95 and 2.85 seconds, corresponding to instances of zero
flowrate. Suction takes place again between 2.85 and 3.8 seconds.

The average mechanical power output for the full-scale prototype, corresponding to a wavelength of
22.5 m, was determined to be 64.8 kW, achieving a mechanical efficiency of 64.4 %. The overall
efficiency of a system can be calculated by multiplying efficiencies of all equipment such as turbine,
electrical generator, connection elements etc. The overall efficiency of the proposed system can be
calculated as 55 % by taking generator's efficiency as 85 % in which case the average power output of
the system will be around 55 kW. The losses in other components may reduce the overall efficiency.
The resulting efficiency value is promising and not less than the range applicable to most air turbines.
Air turbines typically operate at an efficiency range of 20 % to 40 % in converting wind into energy
(“Renewable Energy Fact Sheet: Wind Turbines,” 2013).
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Figure 11. a) Maximum instantaneous air volume flow rate, b) Maximum instantaneous mechanical
power output and average mechanical power.

The main objective of the numerical calculation pertaining to the efficiency of OWC systems is to model
the oscillations of the free surface within the reservoir. The findings presented in this context may not
offer an exact representation of the flow dynamics within the chamber. The assumption is that the
oscillation of the water surface inside the chamber mirrors that of the oscillation outside the chamber.
However, the fluctuation of the water free-surface inside the chamber, influenced by actual sea
conditions, will introduce a level of uncertainty.

4, Conclusion

It is feasible to provide at least a portion of the energy needed by coastal structures through wave
energy within the scope of clean energy. In this study, the power output and efficiency of an OWC
system that could be considered in the design of new coastal structures or integrated into existing
coastal structures through retrofitting have been calculated, and the results have been compared with
the findings of a 1:10 scale model experiment. The study reveals that the mechanical power output is
directly proportional to the cube of the wave height (H) and inversely proportional to the cross-
sectional area of the air inlet/outlet (A;). Notably, the relationship between the mechanical power
output and the wave length is nonlinear (Table 3). Both the mechanical power output and mechanical
efficiency exhibit a decrease as the wavelength increases. Intriguingly, the maximum values for both
the mechanical power output and mechanical efficiency coincide at the same wavelength.

OWC systems should be designed and installed considering parameters such as the regional wave
climate, the wave length, wave period and water depth. In the conducted study, an illustrative case
was resolved under deep-water conditions, assuming a wave height (H) of 3 m. The results indicate
that the maximum power achieved was 64.8 kW with an accompanying mechanical efficiency of
64.4 %. The optimal performance occurred at a specific wave length (A1) of 22.5 m.

In a particular region, the most frequently observed wavelength and wave height can be employed to
ascertain the optimal dimensions of an OWC chamber, aiming for maximum mechanical power output
and efficiency. Future research will involve a parametric study aimed at optimizing the dimensions of
an OWC chamber for a selected site and will focus on developing a more accurate model for water
surface oscillation within the chamber.
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OzET

Ulkeler arasindaki ticaretin artmasiyla birlikte deniz yolu tasimaciligina olan talep hizla artmistir.
Tirkiye'nin ithalat ve ihracat rakamlarindaki stirekli artis, tlkenin yurtdisindan daha fazla tiriin almasini
ve bunlar yurtdisina gondermesini saglamaktadir. Artan bu ticaret hacmiyle dogru orantili olarak
Tlrkiye'ye gelen veya transit bogazlardan gecen gemi sayisi da artis gostermektedir. Ancak, gemi
sayisindaki bu artis, deniz kazalarinin da her gecen giin arttigina isaret etmektedir. Gemi kazalarinin
sayisindaki artis, Glkemizin karasularinda cevresel ve ekonomik riskler olusturmaktadir. Calismanin
amaci Turk karasularinda son 10 vyilda gerceklesmis gemi kazalarinin Uluslararasi Denizcilik
Sozlesmeleri ihlalleri Uzerinden inceleyerek sozlesmelerin etkilerini 6lgmektir. Gemi personeli
tarafindan en sik ihlal edilen s6zlesmeler detayli bir sekilde incelenmistir. Kazalarin analiz edilmesi ve
elde edilen bilgiler dogrultusunda frekans analizi ve Cok Ciddi Kaza (CCK) tiiri Gzerinden Coklu Dogrusal
Regresyon Analizi yontemleri kullaniimistir. Arastirma sonuglarina gore, COLREG, SOLAS ve ISM
kodlarina yonelik ihlallerin kazalara daha fazla etki ettigi STCW kod ve MARPOL'{in etkisinin az oldugu
belirlenmistir. Ayrica, 500 GRT altindaki deniz araglarinin Turk karasularinda gerceklesmis kazalarda
daha fazla etkili oldugu ¢alismada ayrica tespit edilmistir. Bu ¢alismanin sonuglari, kazalarin dnlenmesi
ve azaltilmasi icin yetkili denizcilik otoritelerine rehberlik edecek dnemli bilgiler sunmaktadir.
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ABSTRACT

As trade between countries increased, the need for maritime transportation also increased rapidly.
The continuous increase in Turkiye's import and export figures enables the country to buy more
products from abroad and send them abroad. As these figures increase, the number of ships coming
to Turkey or passing through the transit straits also increases in parallel. It is seen that maritime
accidents are increasing day by day with the increase in the number of ships. The increase in accidents
poses an environmental and economic risk in our country's territorial waters. The aim of the study is
to examine the ship accidents that have occurred in Turkish territorial waters in the last 10 years
through violations of International Maritime Conventions and to measure the effects of the
conventions. The contracts most frequently violated by ship personnel were examined in detail.
Frequency analysis and Multiple Linear Regression Analysis methods were used to analyze the
accidents and based on the information obtained. According to the results of the research, it was
determined that violations of COLREG, SOLAS and ISM codes had a greater impact on accidents, and
the effect of STCW code and MARPOL was less. In addition, it was also determined in the study that
marine vessels under 500 GRT were more effective in accidents that occurred in Turkish territorial
waters. The results of this study provide important information to guide competent maritime
authorities to prevent and reduce accidents.
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1. Giris

Denizyolu tasimaciligl, gesitli yonlerden 6nemli bir rol oynar ve diinya ticaretinin temel tasima
modlarindan birini temsil eder. Bu tasima modeli genis kapasite imkanlari, ekonomik ve maliyet
acisindan etkinlik, cevresel avantajlar, ulasilmasi zor alanlara erisim ve siirekli tasima gibi bir dizi
avantaja sahiptir. Bu nedenle, denizcilik tasimaciligi kiiresel ticaretin hayati bir unsuru olup diinya
ekonomisi icin kritik bir rol oynar. Uluslararasi tasimaciligin temel tasi olan denizcilik tasimaciligl, hizla
modernlesmekte ve bilylimektedir. Modernlesme sirecinde gemilerin yakit tiketimi, kullanilan yakit
tird ve yiuk islem operasyonu acisindan daha gelismis seviyelere ulastigi gozlemlenmektedir.
Modernlesme asamasinda, elektronik sistemlerin daha fazla kullanildigl ve insan hatalarini azaltmaya
odaklandig goriilmektedir. Bu blylme siirecinde, kiiresel talebin artmasiyla birlikte daha fazla gemi
insa edilerek deniz filolarina katilmaktadir. EQUASIS verilerine gére, 2022 yili itibariyle tim denizlerde
sefer yapan 100 Gros Ton (GRT) ve Uzeri toplam gemi sayisi 126.947 adettir. Bu sayi, 6nceki yila gore
%3,4 oraninda artmistir. Ortalama olarak yilda %3,6 artan gemi sayisi, 2030 yilinda yaklasik 3 milyon
gemiye ulasacagini gostermektedir. 2023 yilina ait gemi sayisinin gemi tirlerine gore dagilimi Tablo
1'de verilmistir.

Tablo 1. 2023 Yili Gemi Sayisinin Gemi Tirlerine Gére Dagihmi (DTO, 2023).

GEMI SAYISI

Yolcu 1

Kuru yiik |

Konteyner ;|
Dékme yiik I
Tanker |

0 100,000 200,000 300,000 400,000 500,000 600,000 700,000 800,000 900,000 1,000,000

Denizlerde ticaret yapan gemilerin %79'unu dékme yiik gemileri ile tanker gemileri olustururken,
%0,3'liik bir oran yolcu gemilerine aittir.

Gemi sayilarinin artmasi ile deniz kazalarinin artisi da paralel bir sekilde devam etmektedir (Goerlandt
ve Montewka, 2015). Yeni gemilerin modern olmasinin aksine deniz kazalarina etkisinin azaltici bir
egilimde oldugu net olarak belirlenememistir (LV, 2017). Deniz kazalarina yol agan etkiler her
platformda sikca dile getirilmektedir. Blylk kazalar incelendiginde deniz kazalarinin ana etmenleri
olarak insan hatasi, hava ve deniz kosullari, ekipman arizasi, denizcilik alt yapisi sorunlari, glivenlik
kurallarina uyumsuzluk ve gemi trafik yogunlugu belirtilebilir. Akademik ¢alisma ve kaza inceleme
raporlarinda deniz kazalarinin ana nedeni olarak insan hatalarinin %70’in lzerinde oldugu tespit
edilmistir (Fan vd., 2020). insan hatalarina bakildiginda gemi c¢alisanlarinin Uluslararasi Denizcilik
Sozlesmeleri ‘ne (UDS) uymadiklari tespit edilmistir (Ugurlu vd., 2015). Turkiye deniz ticareti
bakimindan énemli bir tlke konumundadir. Bu énemli konularin basinda cografik konum, limanlar,
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bogazlar, lojistik altyapi ve denizcilik endistrisi olarak stratejik bir konumdadir (Balik vd., 2022). Tirkiye,
Asya ile Avrupa'yi birlestiren 6nemli bir cografi konuma sahiptir. Bogazlar (istanbul Bogazi ve Canakkale
Bogazi) araciligiyla Karadeniz'e erisim saglar ve Akdeniz'e agilan stratejik bir konumdadir (Cakir ve
Kamal, 2020). Bu nedenle, Tirkiye, Dogu ile Bati arasinda ticaretin ana gecis noktalarindan birini
olusturur. Tirkiye'nin deniz kazalari konusunda 0zellikle segilmesinin en 6nemli nedeni stratejik
konumuyla deniz trafiginin yogun oldugu bir bélgede bulunur. istanbul Bogazi ve Canakkale Bogazi gibi
dar su yollariyla gevrili olmasi, gemi trafiginin sikisik oldugu ve kazalarin meydana gelebilecegi bir ortam
yaratir (Kilig ve Sanal, 2015). Ayrica Turkiye, dnemli bir deniz ticareti hacmine sahiptir ve bu da kazalarin
olasihgini artirir. Limanlari ve deniz yollari, uluslararasi ticaretin ana gegis noktalarindan biri oldugu icin
kazalara agik hale gelebilmektedir (Tungel, 2020).

Bu calisma, Tirkiye kara sularinda meydana gelen deniz kazalarinin mevcut verilerini analiz etmektedir.
Analiz slrecinde, tim olaylarin temel nedenleri sayisal verilerle desteklenerek UDS kapsamindaki
ihlaller sistematik bir yaklagsimla belirlenmistir. Veri analizi sonuglarina gore, tespit edilen ihlallerin
hangi gemi tiplerinde, tonajlarda ve bolgelerde daha sik gorildigld belirlenmistir. Ayrica, kaza
verilerinin frekanslarina gore Cok Ciddi Kaza statislindeki olaylarin, UDS kapsaminda hangi
sozlesmelerin daha fazla ihlal edildigini Coklu Dogrusal Regresyon Yontemi kullanilarak analiz edilmistir.
Bu ¢alismanin sonuglari, Tirk kara sularinda meydana gelen kazalarin énlenmesi igin ilgili yetkililer
tarafindan alinacak 6nlemlere ve yeni diizenlemelere yonelik yapilacak calismalara katki saglayabilecegi
dislintilmektedir.

2. Deniz kazalari ve Uluslararasi Denizcilik S6zlegsmeleri
2.1. Deniz Kazalari

Deniz ulagiminin artmasi ile gemi sayisinin artisi paralellik gdstermektedir. Glniimizde bu sayinin artisi
ile gemi kazalarinin sayisi da artmistir. Gemi kazalarinin analiz edilmesi ve incelenmesi ile birlikte gemi
isleten firmalar ve liman otoriteleri icin bir fikir olusturmak 6nemlidir (Fu ve ark., 2022). Deniz
kazalarinin detayli bir sekilde incelenmesi, kaza nedenlerini ve ortaya ¢ikmasina yol agan faktorleri
anlamak i¢in dnemlidir. Bu, benzer kazalarin 6nlenmesi veya risklerin azaltilmasi icin alinacak tedbirlerin
belirlenmesine yardimci olacaktir (Karabacak ve Koéseoglu, 2021). Kazalarin nedenleri anlasildiginda,
alinacak dénlemlerle deniz giivenligini daha da artirmak miimkiin olacaktir. incelenen kazalar, sektérdeki
givenlik standartlarinin ve proseddrlerin iyilestirilmesine katkida bulunacaktir. Deniz kazalarinin
incelenmesi, hukuki siireclerde ve sigorta taleplerinde 6nemli bir rol oynar (Xue vd., 2022). Kazanin
nedenlerinin belirlenmesi, sorumlularin tespiti ve maddi zararin degerlendirilmesi igin gereklidir.
Kazalarin detayli bir sekilde incelenmesi, denizcilik endistrisinde calisan personelin egitimi ve
bilinglendirilmesi icin 6nemlidir. Kazalardan elde edilen deneyimler, benzer durumlarin tekrarlanmasini
onlemek icin egitim programlarinda kullanilabilmektedir (Kodak vd., 2022). Deniz kazalarinin
incelenmesi, olaya karisan taraflar arasindaki sorumluluklarin belirlenmesine yardimci olur. Bu, kazada
suglu olan tarafin tespit edilmesini ve gerekli yaptirimlarin uygulanmasini saglar. Kazalarin incelenmesi,
denetim ve denetim mekanizmalarinin etkinligini artirmak amaciyla kullaniimaktadir (Kaya, 2016). Bu,
denizcilik endistrisinde daha siki bir diizenleyici ¢cercevenin olusturulmasina katki saglar. Deniz kazalari
cesitli kriterlere gore siniflandirihr. Tablo 2’de deniz kazalarinin siniflandiriimasi ile ilgili detaylar
verilmistir.

Ulastirma ve Altyapi Bakanligi tarafindan 2019 yilinda Resmf gazetede belirtilen Deniz Kaza ve Olaylarini
inceleme Yonetmeliginde deniz kazalarini Cok Ciddi Kaza (CCK), Ciddi Kaza (CK) ve Deniz Olayi (DO)
olarak Ug¢ gruba ayirmistir. CCK, geminin tamamen batmasi, kaybi, 6limli olay veya siddetli ¢evre
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kirliliginin olusmasi olarak tanimlanir. CK’de ise CCK niteliginde olmayan ¢arpma, yangin, karaya oturma
gibi durumlarin olmasi; niteligi ve miktari ne olursa olsun cevre kirliliginin mevcut olmasi; yedi glinden
fazla is gbremez olan kazalar gibi tanimlara girer (KEGM, 2023). DO ise CCK veya CK disindaki olaylari
tanimlar.

Tablo 2. Deniz kazalarinin siniflandiriimasi (ICS, 2023).

Deniz Kazalari

Tiriine Gore

Nedenine Gore

Sonuglarina Gore

Gemi Turiine Gore

Cografi konumuna

Patlama

gore
Carpisma insan hatalari Can kaybi Yuk gemileri Liman
Yatma veya Batma Dogal faktorler Yaralanma Tankerler Acik deniz
Yanma veya | Teknik arizalar Cevresel zarar Balikgilar Dar Bogazlar

Karaya Oturma

Altyapi sorunlari

Maddi Hasar

Yolcu gemileri

Demir yerleri

Servis gemileri

2.2. Uluslararasi Denizcilik S6zlesmeleri (UDS)

Deniz kazalari incelenirken bircok faktér g6z oniinde bulundurulur. Calismanin ana yapisi olan UDS
faktorleri diger faktorlere nazaran ¢alisan personelin bilgisini dlcen bir niteliktedir. UDS, denizcilikle ilgili
cesitli konulari kapsayan Uluslararasi Denizcilik Orgiiti (IMO) ‘niin belirledigi bir dizi uluslararasi
anlasmayi icerir. Bu sdzlesmeler Tablo 3’te verilmistir.

Tablo 3. Uluslararasi Denizcilik Sézlesmeleri ve tanimlari (IMO, 2023).

IMO biinyesinde olusturulan UDS

Deniz Emniyet ve Giivenligi ile ilgili s6zlesmeler

Tanimlanmasi

SOLAS (Denizde Can Emniyeti Uluslararasi
Sozlesmesi)

Gemilerin glvenligi ile ilgili standartlari belirler. Gemi
tasarimi, ekipman ve isletme standartlarina
odaklanir.

SOLAS / LSA Kod (Can Kurtarma Techizatlari)

Gemilerde bulunmasi gereken can kurtarma
techizatlari can filikalari, can sallari ve diger can
kurtarma ekipmanlarin olmasi gereken standartlari,
sayilarini ve yerlerini belirleyen bir kurallar kodudur.

SOLAS/ FFA Kod (Yanginla Micadele Techizatlari)

Gemilerde bulunmasi gereken yangin techizatlari
yangin pompalari, yangin dolaplari, hortumlar,
nozullar, acil yangin plani, itfaiyeci donanimlari ve
diger yangin ekipmanlarinin olmasi gereken
standartlari, sayilarini ve yerlerini belirleyen bir
kurallar kodudur.

SOLAS /ISM Kod (Uluslararasi Emniyetli Yonetim
Sistemi)

Gemilerin glivenli yonetimi ve isletilmesi ile kirliligin
onlenmesi icin uluslararasi bir standart saglamaktir.

SOLAS /ISPS Kod (Uluslararasi Gemi ve Liman Tesisi
Guvenlik Kodu)

Denizcilik tesisleri ve limanlarda glivenlik
standartlarini belirler.

COLREG (Denizde Catismayi Onleme Uluslararasi
Kurallari S6zlesmesi)

Denizde deniz vasitalarinin gatismalarinin dnlenmesi
icin kurallar belirler.

STCW (Gemi Adamlarinin Egitimi, Belgelendirilmesi
ve Vardiya Tutma Standartlarina iliskin Uluslararasi
Sozlesme))

Gemi mirettebatinin egitimi, belgelendirilmesi ve
vardiyali calisma duizenleri gibi konularda standartlari
belirler.

LOADLINE (Yukleme Siniri Uluslararasi S6zlesmesi)

Load Line So6zlesmesi, gemilerin su hattina kadar
ylklenmesine izin verilen maksimum yikleme
seviyesini belirleyen uluslararasi bir anlasmadir. Bu
sozlesme, gemilerin denizde giivenli bir sekilde seyir
yapabilmeleri igin yliklenme sinirlarini belirler.
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SAR (Denizde Arama ve Kurtarma Uluslararasi
Sozlesmesi)

SAR S6zlesmesi, uluslararasi denizcilik ve havacilik
alanlarinda yasanan acil durumlarda arama ve
kurtarma operasyonlarini diizenleyen bir anlagsmadir.
Bu sozlesme, kayip veya tehlikede olan insanlarin ve
gemilerin bulunmasi ve kurtarilmasi i¢in uluslararasi
is birligini saglar.

FAL (Uluslararasi Deniz Trafigini Kolaylastirma
Sozlesmesi)

FAL Sézlesmesi, IMO (Uluslararasi Denizcilik Orgiitii)
tarafindan hazirlanan ve uluslararasi deniz ticaretinin
kolaylastiriimasini amaglayan bir anlagmadir.

Deniz Kirliligine iliskin S6zlesmeler

Tanimlanmasi

MARPOL (Denizlerin Gemilerden Kirlenmesini
Onleme Uluslararasi Sézlesmesi)

Deniz gevresine zarar veren maddelerin kontrolliine
yonelik uluslararasi standartlari belirler. Atik
yonetimi, gemi desarji ve deniz gevresi koruma
konularini igerir.

OPRC 1990 (Petrol Kirliligine Karsi Hazir Olma,
Miicadele ve isbirligine dair Sozlesme)

Denizde meydana gelen petrol kirliligi olaylarina karsi
hazirlik yapilmasini, miidahale edilmesini ve
uluslararasi is birliginin saglanmasini amaglayan bir
anlagmadir.

OILPOL 1954 (Denizlerin Petrol ile Kirlenmesini
Onlemeye iliskin Uluslararasi Sézlesme)

OILPOL Sozlesmesi, denizde meydana gelebilecek
petrol kirliligini 6nlemek, kontrol altina almak ve
azaltmak igin alinmasi gereken énlemleri belirler. Bu
kapsamda, gemilerin petrol tasimalari sirasinda,
petrol platformlarindan ve diger denizcilik
faaliyetlerinden kaynaklanabilecek kirliligi 6nlemeye
yonelik tedbirler ve standartlar belirlenir.

Sorumluluk ve Tazminata iliskin S6zlesmeler

Tanimlanmasi

FUND (Petrolle Kirlenme Zararlari igin Uluslararasi
Tazminat Fonu Kurulmasina iliskin Uluslararasi
Sozlesme)

FUND 1971, denizde meydana gelen petrol kirliligi
nedeniyle ortaya ¢ikan zararlarin tazmin edilmesi igin
uluslararasi bir fonun kurulmasini amaglayan bir
anlagmadir.

UNCLOS (Birlesmis Milletler Deniz Hukuku
Sozlesmesi)

Deniz hukukunun genel bir cercevesini belirler ve
deniz sinirlari, kita sahanhgi haklari, gemi gegcisleri ve
diger denizle ilgili konulari diizenler.

CLC (Petrol ve Petrol Uriinlerinden Kaynaklanan
Zararlar igin Sézlesme)

Petrol ve petrol Girlinlerinden kaynaklanan deniz
kirliligi durumlarinda tazminat ve sorumluluk
dizenlemelerini igerir.

Diger Kapsamdaki Sézlesmeler

Tanimlanmasi

Gemi Balast Sulari ve Sedimanlarinin Kontroli ve
Yonetimi Hakkinda Uluslararasi S6zlesme

Gemi balast sularinin etkilerini azaltmaya yonelik
onlemleri belirler.

SALVAGE 1989 (Uluslararasi Kurtarma Sozlesmesi)

Gemi veya diger deniz araglarinin acil durumlarda
kurtarilmasini diizenler. Bu kurtarma operasyonlari,
geminin veya yukin kaybini 6nlemek, tehlikeyi
bertaraf etmek ve cevresel zararlari minimize etmek
amaciyla gergeklestirilir.

Stingheru vd., 2018 vyilinda calismalarinda ¢ikan sonuglardan UDS kapsamindaki soézlesmelere

bakildiginda gemi kazalarinin analizleri dogrultusunda 6zellikle s6zlesme ihlallerinden SOLAS’a ait

kodlara ait kisimlarindan %35, STCW ile ilgili %18 olarak belirtmislerdir. Kiiresel Entegre Gemi Bilgi

Sistemi (GISIS) kaza inceleme raporlarina gore ise MARPOL %4,1 olarak belirtilmistir. Ugurlu ve Cigek,
2022'deki calismalarinda COLREG hatalarindan kaynaklh kazalari %41’lik olarak belirtmislerdir (Ugurlu
ve Cicek, 2022). Bu calismanin ana yapisini 6n plana ¢ikan UDS’ler SOLAS, STCW, COLREG, MARPOL ve

ISM olusturacaktir.
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3. Literatiir incelemesi

Deniz kazalarini detayli bir sekilde inceleyen bircok arastirma mevcuttur. Psarros, G. vd., (2010)’a gbre
denizcilik sektoriindeki dizenleyici degisiklikler genellikle gegmis gemi kazalarindan elde edilen
deneyimlere dayanmaktadir. Glvenlik 6nlemlerinin nasil iyilestirilecegi konusundaki kararlar genellikle
kamu baskisi veya itibar faktorlerinden etkilenerek, genellikle gegici ¢oziimlerle hizh bir sekilde alinir
(Hassel vd., 2011). Bu nedenle, bu tiir diizeltmeler genellikle maliyet ve fayda analizi yapilmadan tercih
edilmistir. Bu diizenlemeler genellikle kural koyucu olarak adlandirilir ve belirli bir glivenlik sorununa
yonelik ¢coziimleri 6ngorerek diger esdeger ¢oziimlere sinirli bir alan birakir. Diizenleyici gelismelerin
endustri ihtiyaglarina yeterince hizli ayak uyduramadigi ve teknik esdegerlik ilkesinin hizli teknoloji
ilerlemesi dénemlerinde yeniliklerin 6niinde bir engel teskil edebildigi durumlar endise verici olabilir
(Fan vd., 2020).

Eliopoulou vd. (2016)’ya gore deniz glvenligi, toplum tarafindan kabul edilebilir bir risk durumu olarak
tanimlanabilir. Bu baglamda, gemilerin mevcut giivenlik diizeyini degerlendirmek icin, faaliyet gdsteren
diinya filosunun risk dizeyini 6lgmek, dolayisiyla riske katkida bulunan temel unsurlari, yani deniz
kazalarinin sikhgi ve sonuglarinin kapsamini tahmin etmek ve degerlendirmek gerekir. Calismalarinin
sonucunda, son on yilda gemi kazalarinin sikligi genel olarak artmasina ragmen, cesitli gemi tirlerinin
givenlik seviyesinin 6nemli Ol¢lide degismedigini, kazalarin sonuclarinin ortalama olarak yaklasik ayni
seviyede kaldigini gostermektedir. UDS kapsaminda degisikliklerin gemi personelinin kazalara yonelik
egitimleri konusunda yeterli diizeyde geri donilis vermedigi gérilmustir (Chauvin vd., 2013).

Ozdemir U., 2012’de yaptigi calismada deniz kazlarinin UDS bazinda deniz kirliligini ele alarak Tiirkiye’de
yapilan uygulamalar ve diizenlemeler konusunda arastirma yapmistir. Ozdemir'e gére, ulusal politika
olusturulmasinda yetersizliklerin oldugu ve gemi kazalari sonucu deniz kirliliginde yeterli yaptirim ve
kurallarin olusturulamadigi belirtilmistir. Asyali ve Kizkapan (2012) tarafindan Turk kiyilarinda 2004-
2008 arasinda gerceklesen deniz kazalari incelenmistir. Bu incelemenin amaci, deniz kazalarinin
sikhklarini ve nedenlerini belirlemektir. Arastirma sonucunda, gecmisten ginimize siregelen bir
zaman diliminde gemi kazalarinin nedenlerinin degismedigi gérilmustir.

Sakar vd., 2022’de gemideki kapali alan kazalarindaki risk degerlendirmesi tizerine galisma yapmislardir.
Calismalarinda givenli olmayan kapali alan operasyonlarinin nedenlerini ve potansiyel sonuglarini
belirlemek amaciyla bulanik tabanli papyon metodolojisi uygulamislardir. Calismalarinda FTA-ETA'nin
dinamik bir risk analizi metodolojisi kullanilmistir. Nu tlr kazalarin tekrarlanmasinin éniine gegilmesi
icin 6nerilerde bulunulmustur (Sakar vd., 2022).

Seyler vd., 2021'de ¢alismalarinda karaya oturma kazalarina iliskin risk degerlendirmelerinde
bulunmuslardir. Calismalarinda hay-ta agaci analiz yontemi kullaniimistir. Calismalarinda Navigasyona
dayali faktorlerin karaya oturma kazalari Gzerinde en buyik etkiye sahip oldugu tespit edilmistir. Ayrica
gemi mirettebatin mesleki vyeterlilik dizeyi dizenli araliklarla degerlendiriimesi gerektigini
onermislerdir (Seyler vd., 2021).

Eliopolou vd., 2016’da calismalarinda dinya capinda faaliyet gosteren yolcu gemileriyle ilgili deniz
kazalarinin istatistiksel analizini ve son olarak, glivenlik seviyesinin toplumsal olarak kabul edilebilir bir
risk seviyesi olarak tanimlanabilecegini varsayarak, belirli bir gemi tipinin mevcut givenlik seviyesinin
degerlendirilmesini ele almaktadirlar. Yontem olarak istatiksel analiz kullaniimistir. Calismalarinin
sonucunda SOLAS hasar stabilitesi diizenlemelerinin acilen yeniden degerlendirilmesini gerektirmekte
oldugu belirtilmistir.

Pedersen 2010’da ¢alismasinda cift cidarli gemi yapilarin carpismaya dayanikhhigini degerlendirmek icin
pratik bir carpisma ve karaya oturma metodolojisi 6nermistir. Calisma sonucunda hasar boyutunun
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degerlendirilmesinde carpisma ve karaya oturma kaza istatistiklerinden elde edilen yiizde 50 ve yizde

90'lik degerler dikkate alinacagini tespit etmistir.

Tablo 4. Gemi kazalari lizerine en ¢ok atif alan makaleler.

Yayin adi Yazar Calisma | Yontem Calismanin amaci
yili
Kazalarin istatistiksel Eliopoulou, E., 2016 istatiksel Kaza oranlari ile gemi
Analizi ve Yolcu Papanikolaou, Analiz yasi arasindaki iliski
Gemilerinin Guvenlik A, &
Diizeyinin incelenmesi Voulgarellis, M.
Cift cidarli gemilerin Pedersen, P. T. 2010 Risk Analizi Carpisma ve karaya
carpisma ve karaya oturma olaylarinin
oturma durumunda cevresel ve ekonomik
yapisal carpisma maliyetleri
dayanikliliginin analizi
Deniz tasimacilig Goerlandt, F., & | 2015 Bayes agi Risk modeli ve risk
sistemlerinin risk analizi Montewka, J. analizine yonelik
icin bir cerceve: Bir gemi- degerlendirme yapilmak
gemi ¢arpismasinda amagclanmistir.
tankerlerden dokilen
petrol igin bir 6rnek olay
calismasi.
Deniz kazasi Celik, M., 2010 Bulunik Gemi kazasi
arastirmasini gelistirmek | Lavasani, S. M., genisletilmis sorusturmasinin (SAI)
icin risk bazli bir & Wang, J. hata agaci ylritme sirecini
modelleme yaklasimi analizi gelistirmek igin risk bazli
bir modelleme
yaklagimi
FTA yontemi kullanilarak | Ugurlu, O., Kése, | 2015 Hata agaci Petrol tankerleri igin
petrol tankerindeki E., Yildirim, U., & analizi GISIS (Global Integrated
garpisma ve karaya Yiuksekyildiz, E. Shipping Information
oturma igin deniz kazasi System)'e kayitli
analizi carpisma ve karaya
oturma verileri
Gemi-gemi ¢arpismasi Chen, P, Huang, | 2019 Risk analizi Gemi-gemi
icin olasliliksal risk analizi: | Y., Mou, J., & Van carpismasina iliskin
Son teknoloji. Gelder, P. H. A. J. olasiliksal risk analizi ile
M. belirlenmistir.

Goerlandt ve Montewka 2015’te Gemi-gemi ¢arpismasinda tankerlerden dokiilen petrol icin bir 6rnek
olay galismasi yapmislardir. Yontem olarak Bayes ag kullanilmistir. Calisma Finlandiya Korfezi'ndeki
petrol sizintisi riskine iliskin bir vaka ¢alismasina uygulanmistir. Sonug olarak ¢alismalarinda Finlandiya
bolgesinde tankerlerin gatismasi sonucu petrol kirliliginin olasiliklari hesaplanmistir.

Ugurlu vd., 2015'te yaptiklari calismada petrol tankerlerinde meydana gelen ¢arpisma ve karaya oturma
olaylari icin hata agaci analizi (FTA) programi kullanilarak risk degerlendirmeleri yapmislardir.
Calismalarinda carpisma ve karaya oturma kazalarina sebep olan potansiyel problemler tespit
etmislerdir. Kazalarin meydana gelisi FTA yontemi ile nedensel faktorlerle birlikte géstermisler ve son
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olarak kazalarin 6nem derecesini arastirmislardir. Kazalarin olusmasina neden olan ilk olaylari ortaya
koymuslardir.

Celik vd., 2010’da calismalarinda organizasyonel hatalarin ve gemideki teknik sistem arizalarinin
etkilerini bir risk degerlendirme semasi altinda birlestiren bulanik genisletilmis hata agaci analizini
(FFTA) ile ele almislardir.

Gemi kazalarn ile ilgili 2010-2023 vyillari arasinda Scopus, Google akademik ve diger uluslararasi
aramalarda en cok atif alan yayinlar Tablo 4’te verilmistir.

Galismalar incelendiginde gemi kazalari ve Tirkiye kiyilarinda yasanilan gemi kazalari konusunda
calismalarin mevcut oldugu gortlmistir. Fakat yapilan ¢calismalarda incelenen kazalarin UDS’ye gore
analizi yapiimamistir. Calisma literatiirde UDS’ye gore yapildigi i¢in dnci olacaktir.

4. Materyal ve Metot
4.1. Kullanilan Veriler

Galismada 2013-2023 yillari arasinda Tirk karasularinda meydana gelmis gemi kazalari incelenmistir.
Gemi kazalari raporlari resmi IMO GISIS web adresinden, Ulastirma ve Altyapi Bakanligi sisteminden ve
klas kuruluslarin paylastigi raporlardan alinarak toplanmistir. Toplamda 273 gemi kazasi raporu
incelenmistir. Gemi kazalar ¢atma/catisma, karaya oturma, yangin, patlama, su alma, yik kazalar,
denize adam diismesi ve operasyonel kazalar olmak lzere incelenmistir. Calismanin arastirma kisminda
GRT kisitlamasi verilmemistir. GRT kisitlamasi verilmemesinin nedeni diger akademik calismalardan
farkh olarak kiiglik teknelerin yer aldigl kazalara yer verilmemis olmasidir. Arastirmada Tirk
karasularinda gerceklesen gemi kazalarinin olustugu bélgelerin haritalandirilmasi Sekil 1’de verilmistir.

Sekil 1. Gemi kazalarinin incelendigi alanlar (IMO, 2024).

Tablo 5’te ¢alismada kullanilan degiskenler, degiskenlerin tipleri ve kaza tiplerine gére dagilimlarina yer
verilmistir. Kaza raporlari incelenerek toplamda 8 degisken kriter bagimsiz degisken olarak
olusturulmustur.

Tablo 5’te ayni zamanda kaza tlrlerinin sayisal orani verilmistir. Tabloya gére Tirk karasularinda
gerceklesen kazalarin 80 adeti ¢arpisma sonucunda olusmustur. Sekil 2'de arastirmada tespit edilen
kaza tirlerinin sayisal miktari verilmistir.
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Tablo 5. Kazalarin istatistiksel verileri.

Kaza tiirii Sozlesme ihlali tiirii
Degiskenler | Tiirleri % orani | CCK CK DO COLREG | SOLAS | MARPOL | ISM STCW
Yil 2020-2023 | 27 40 37 18 34 30 16 11 4
2017-2019 | 41 43 36 33 37 21 34 12 8
2013-2016 | 32 35 23 29 33 16 26 5 7
GRT 0-100 24 25 27 13 20 20 12 10 3
101-500 13 10 17 8 10 10 7 5 3
501-1000 21 23 12 22 20 15 12 5 5
1001-3000 | 23 20 25 17 23 21 7 4 7
3000 usti 19 19 21 12 24 12 12 3 1
Bayrak Turk 40 45 37 27 45 35 19 5 5
KB! 33 41 18 31 42 15 23 7 3
Panama 15 19 11 10 19 9 5 3 4
Malta 12 12 10 10 14 8 5 4 1
Gemi turd Dokme 13 13 10 12 16 19 5 2 3
Kuru yiik 25 20 25 23 25 21 13 4 5
Tanker 19 15 23 14 25 4 12 7 4
Yolcu 11 11 10 9 5 8 11 3 3
Balikgl 15 15 17 9 15 14 6 4 2
Servis 17 21 12 13 22 17 3 3 1
Cografik Akdeniz 12 12 11 10 12 7 10 3 1
konum Ege 18 10 20 29 18 11 13 4 3
Marmara 42 37 51 27 47 40 19 5 4
Karadeniz 28 30 21 25 19 40 14 1 2
Gemi yasl 0-5 15 19 11 11 9 10 14 5 3
6-10 23 11 32 20 10 26 16 6 5
11-20 28 23 18 35 37 18 13 5 4
21ve Ustu | 37 42 40 19 40 27 25 4 5
Kaza zamani | Glndiz 35 28 35 33 32 31 25 5 3
Gece 65 55 65 57 84 38 41 7 7
Kaza nedeni Carpisma 29 35 31 14 16 13 13 3 35
Yangin 15 11 16 14 11 16 3 7 4
Karaya 13 7 18 10 6 2 4 8 15
oturma
Batma 12 22 11 0 11 10 0 8 4
Carmihtan | 18 30 11 8 0 34 0 15 0
diisme
Yik sorunu | 13 12 5 18 0 17 4 12 2

Tablo 6’da gergeklesen gemi kazalarinda tespit edilen s6zlesme ihlallerinde UDS kapsaminda en ¢ok
karsilasilan ana sozlesmeler ve alt bolimleri seklinde maddeleri belirtilmistir. Tabloya gore COLREG
sdzlesmesi kural 5 ve kural 7 kazalarda siklikla gériillen maddelerdir (DCOT, 2017). SOLAS Bélim V Kural
23 ise pilot carmih donanimi hakkinda bilgi vermektedir. Kazalarda sik¢a gérdigiimiz diger kural olarak
ortaya ¢ikmistir.

1 KB: Kolay bayrak. Gemilerin herhangi bir devletin bayragini tasima zorunluluklarini onlara tescil kolaylig, vergi
muafiyetleri, istihdamla ilgili sinirlamalarin bulunmayisi gibi avantajlar saglayan ve bu avantajlarla gemi
sahiplerince ¢ogunlukla tercih edilen devletlerdir.
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Sekil 2. Kaza tirlerinin sayisal miktari.

Tablo 6. ihlal edilen uluslararasi denizcilik sézlesmelerinin alt kurallarina gére ayrimi.

iHLAL EDILEN ANA DENIZCiLiK SOZLESMELERI
COLREG SOLAS ISM STCW MARPOL
Kural 5-6-7-8 Bol 11-2 kural 1-4-5- | Kissm A md. 1.2.2, Bol 2-3 Annex |
7-15-20
Kural 15-17 Bol 1l kural 19 Kism A md. 1.4 Bol6md. 1 Annex Il
Boliim B md. 5-6 Bol V Reg 232 Kism Amd. 9 Bal vill/ 4.1 Annex V
Boliim B md. 8-35 Kural 26 md. 5 Kisim A md. 10.3 B6l A md 5-7-8-9 Annex VI
Bol 2-4-5 Kism A md. 7 Bol 8 kural 5

4.2. Coklu Dogrusal Regresyon Analizi

Turk karasularinda 2013-2023 vyillari arasinda tespit edilen gemi kazalarinin UDS ihlalleri ile Cok ciddi
kaza (CCK) arasindaki istatiksel agidan iliskilendirilmesi incelenmistir. Arastirma sonucunda tespit edilen
kaza raporlari sonucu lizerinden Coklu Dogrusal Regresyon Analizi (CDRA) yéntemi kullaniimistir. CDRA
yonteminin uygulanmasi asamasinda ¢alismalarda yaygin olarak kullanilan istatistik programi SPSS
(striim 22) kullaniimustir.

Regresyon, iki veya daha fazla degisken arasindaki sebep-sonug iliskisini belirlemek i¢in kullanilan bir
istatistiksel analiz yontemidir (Montgomery vd., 2021). Bu analiz, bazen kestirim yapmak, bazen de
tahminlerde bulunmak amaciyla kullanilabilir. Analiz edilecek iliskinin taraflari bagimli ve bagimsiz
degiskenler olarak adlandirilir. Regresyon analizinde bagimh degisken, agiklanan veya tahmin edilen
degiskeni temsil eder. Baska bir deyisle, bagimli degisken, bagimsiz degisken tarafindan etkilenen ve
sonug degiskeni olarak da tanimlanabilir (Seber ve Lee, 2012). Bagimsiz degisken, agiklayici veya bagimli
degiskenin degerini tahmin etmeye yardimci olan degisken olarak tanimlanabilir. Regresyon
analizlerinde genellikle bir bagimli degisken bulunurken, bagimsiz degiskenler bir ya da daha fazla
olabilir. Bagimh degisken tizerindeki etkileri inceleyen analiz, bagimsiz degisken sayisina bagl olarak
basit regresyon analizi veya ¢oklu regresyon analizi olarak adlandirilir (Montgomery vd., 2021).

Bir bagimsiz degiskenli dogrusal regresyon matematiksel ifadesi denklem (1)’de ifade edilmistir.

2 Boliim V Kural 23 Pilot Transfer Diizenlemesini icermektedir.
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Y=‘BO + 181'X1 + & (1)

Bu formiilde;

Bo ve B1 modelin bilinmeyen parametreleridir. €, Hata terimi olup Y gozlenebilen bagimli degisken X
gozlenebilen bagimsiz degisken degerleridir.

Coklu Dogrusal Regresyon modelinin matematiksel ifadesi denklem (2)'de ifade edilmistir.

Y:BO + Bl'Xl + ﬁz.Xz T+ +ﬁk'Xk + & (2)

Bu formulde; 3 ve 1 modelin bilinmeyen parametreleridir. &, Hata terimi olup Y gézlenebilen bagimli
degisken X gozlenebilen bagimsiz degisken degerleridir. Karabulut ve Seker, 2018'de ¢alismalarinda
Coklu Dogrusal Regresyon Analiz modelini denklem (2) deki gibi kullanmislardir (Karabulut ve Seker,
2018). Bu ¢alismada da benzer bir sekilde Coklu Dogrusal Regresyon Analiz modeli kullaniimistir. Bu
modelin kullanilmasinin nedeni literatiirde kabul gérmesi, kaza analizlerinde karmasik iliskileri
anlamak, risk faktorlerini tanimlamak ve Onleyici stratejiler gelistirmek icin glicli bir arac¢ olarak
kullaniimaktadir. Bu nedenle, is glvenligi ve trafik kazalarinin nedenleri ve etkileri {izerine yapilan
calismalarda siklikla kullanilmaktadir.

5. Bulgular

Calismada gemi kazalarinin UDS kapsaminda 5 farkl sozlesme ihlalleri cercevesinde CCK sinifi kazalara
gore Coklu Dogrusal Regresyon etkisi incelenmistir. Bu UDS sdzlesmeleri asagida listelenmistir.

e COLREG (S1)

e |SM kod (S,)

e STCW kod (Ss)

e SOLAS (S4)

e MARPOL (Ss)
Kaza sonucunda geminin tamamen batmasi, kaybi, 61imli olay veya siddetli cevre kirliliginin olusmasi
olaylarinin UDS sozlesmeleri ile etkisi arastirilmistir. Arastirmada Coklu Dogrusal Regresyon Analizi
(CDRA) kullanilmis UDS sozlesmelerinin etkileri ayri ayri, ikili, Gglh, dortli ve besli sekilde incelenmistir.
En iyi regresyon sonucu, “R2 degerinin 1’e yaklastik¢a” olmaktadir. Analiz sonucu ¢ikan veriler Tablo
7’de sunulmustur.

Tablo incelendiginde tim kural ihlallerinin beraber oldugu sistemde 6lim ve gemi kaybi gibi CCK tipi
kazalara daha ¢ok etki ettigi gorilmektedir. Kural ihlallerinden tekli olarak bakildiginda COLREG (Si) ve
SOLAS (S4) oldugu gorilmektedir. Bu ikisinin dahil olmadigi sistemde ise etki degerlerinin distugi
gorllmustir. S; ve S, diger sozlesmelere eklendiginde artis kaydettirmektedir. Ss diger unsurlar kadar
etkileyiciligi azdir. Tablo 7’de belirtilen sonuclara gore en ideal CDRA sonucu Tablo 8’te belirtilmistir.

CCK vakalarina gére MARPOL (Ss) maddesinin kazalara etkisi daha minimize edilir seklindedir. Coklu
CDRA’ya gore tahmin edilebilecek degerlerin hesaplamasinda kullanilacak denklem (3) asagida
belirtilmistir. Bagimh degisken olarak segilen CCK ve bagimsiz degisken olan S; S, S; ve S4 ne sekilde
etkiledigi asagidaki denklemde gosterildigi Gizere arastiriimisti. Model en kiiclik kareler modeli ile
bulunmaya calisiimistir.

CCKZBO + 31.51 +Bz.52+33.53+ﬁ4.54+5 (3)

Gemi ve Deniz Teknolojisi -84 - Issue 225 | June 2024



Tablo 8'de dizeltilmis R2 degerinin 0,589 cikmasi, bagimsiz degiskenlerin bagimli degiskendeki
degismelerin %58.9'unu aciklayabildigini gostermektedir. Bulgular, Si, S;, Ss, Sa degiskeninin CCK
Gzerinde pozitif ve istatistiki olarak anlamli bir etkiye sahip oldugunu géstermektedir.

GDRA ile yapilan analiz neticesinde elde edilen veriler ile GISIS ve UAB tarafindan alinan kazalarin CCK
bazinda karsilastiriimasi Sekil 3’te belirtilmistir.

Tablo 7. Farkli UDS gruplarinin kaza sonucunda CCK (izerine etkileri.

Bagimsiz Degigken R? Diizeltilmis R?
S1 0.265 0.214
S, 0.189 0.135
S3 0.164 0.114
S4 0.254 0.205
Ss 0.009 0.015
S1, 52 0.569 0.517
S1, S4 0.557 0.507
S1, S3 0.498 0.447
S2,S3 0.487 0.435
S2,S4 0.418 0.367
S1, 52,54 0.615 0.567
Si1, 53,54 0.629 0.572
S1,S2,S3,S4 0.634 0.589
S3,S3,S4, Ss 0.625 0.571
S1,S2,S3,54,Ss 0.639 0.581

Tablo 8. Arastirma modeline gore en iyi regresyon sonucu.

Bagimsiz Degisken R? Diizeltilmig R?

51 S5,S3, 54 0.634 0.589

6. Sonug ve Degerlendirme

GCalismada IMO GISIS, Ulastirma ve Altyapi Bakanhg verileri ve Klas kuruluslarindan alinan veriler
Uzerinden arastirma yapilmistir. Calismanin kisiti olarak sadece Tirkiye karasularinda gerceklesen
kazalar incelenerek analiz yapilmistir. Calismada gemi kazalari sonucunda belirtilen g farkl olay
adlandiriimasindan UDS’ye gére CCK incelenmistir. UDS’ye gére COLREG, ISM, STCW, SOLAS ve MARPOL
olmak Uzere 5 farkh sézlesme incelenmistir. Arastirmada neden sonug iliskisi arasindaki bagintiyi
bulmamiza yardimci olmasi igin dogrudan ¢oklu regresyon analiz yontemi uygulanmistir. Elde edilen
sonuglara gore COLREG ve SOLAS kurallarina uyulmamasi neticesinde CCK niteliginin arttig
belirtilmistir. Ayrica bunun yaninda ISM sistemindeki hatalarin kazalara etkisinin diger kurallara (STCW
ve MARPOL) gore daha fazla oldugu tespit edilmistir. Regresyon analizine tekli, ikili, Gg¢lt, dortli ve besli
gruplar seklinde kombinasyonlarina da bakilmistir. COLREG, SOLAS ve ISM kodun aykirilik yasandigi
kazalarda CCK daha fazla olusmaktadir. Kazalar incelendiginde COLREG soOzlesmesi bolimlerinden 5
(gbzciilik), 7 (Catisma tehlikesi), 8 (Catismayi 6nleme hareketi), 15 (aykiri gegis), 17 (yol veren teknenin
davranisi) nolu maddelerin gemi personeli tarafindan uyulmadigi ve dikkate alinmadigi gorilmdistar.
SOLAS sozlesmesinde ise bolim 1, 2, 3, 4, 5, 6 ve 9 nolu alt bélimlerine gemi personelinin uymadigi
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belirlenmistir. Bulgular sonucunda dikkat gekici bir sekilde ISM kod madde 9’da belirtilen glvenlik
onlemlerinin alinmamasi neticesinde pilotun veya personelin carmihtan diiserek 6lmesi ile sonuglanan
kazalarin ¢ok siklikla karsilasildigi belirlenmistir. Alinan kaza verilerinde dikkat cekici bir diger 6nemli
olgu ise, kiiglik gemilerin denetlemelerinin ilgili kurum ve kuruluslar tarafindan 6zensiz yapildigidir.
Kazalarin 6zellikle 500 GRT altindaki gemilerde/teknelerde olus sikhgi %35 ile yiiksek bir degerdedir.
STCW sozlesmesi neticesinde 0Ozellikle kiglik tekne personelinin egitim vyeterliligi konusunda
eksikliklerin oldugu belirlenmistir. Kaza nedenlerine bakildiginda ise, gemilerin seyirde ve demirde
garpismasi en ¢ok gorilen kaza vakalaridir. Carmihtan adam dismesi ikinci sayisal buyuklikteki
kazalardir. Kuru yik ve tanker sinifi gemilerde kaza olma oranlari son on yillik donemde diger
gemilerden fazla oldugu tespit edilmistir. 10 yas Ustli gemilerde kaza orani daha fazladir. Bunun nedeni
olarak, ekipman yipranmasi ve arizalardir. Bayrak devleti lizerinden yapilan degerlendirmeye gore, Tiirk
bayrakli ve Kolay bayrak uygulamasindaki gemilerin daha fazla kazaya karistigi gorilmektedir. Tiirk
bayrakli gemilerin kaza oraninin fazla ¢ikmasinin nedeni, kabotaj hattinda ¢alisan kiiglik tonajli
gemilerin kaza raporlarinda sikga yer almasidir. Kolay bayrakh gemilerin kaza raporlarinda fazla
olmasinin en blyik nedeni, bayrak devletinin gemilerin denetimlerini dizgin yapmamasi oldugu
distnulmustar.
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Sekil 3. Kaza verilerine gore CCK sayisi ile Regresyon analizine gore veri sayisinin karsilagtiriimasi.

Gemi kazalarina yonelik yapilan akademik ¢alismalarda COLREG kurallarinin ihlalleri sorunu yiziinden
kazalarin arttigi tespit edilmistir. Benzer bir sekilde, bu calismada da bu oran paralel ¢ikmistir. Diger
akademik ¢alismalarda kazalarda yer alan gemilerin igerisinde 500 GRT alti gemilere yer verilmemesinin
calismalarin sonuglarini etkiledigi dusiinilmistir. Ozellikle kiyi sularda ve dar bogazlarda
azimsanmayacak kadar fazla klgik ebatta tekne mevcut oldugu disinildiginde, bu gemilerin de kaza
analiz calismalarina dahil edilmesi gerekmektedir. Ozellikle kiigiik teknelerin icerisinde bulundugu
olumli kaza raporlari incelendiginde, kigik teknelerin biylk gemiler ile diizglin iletisim kuramadigi
tespit edilmistir. SOLAS ve MARPOL kapsaminda kii¢clik ebattaki teknelerin muafiyetleri olabilir, fakat
blyiik gemilerin icinde bulundugu bir kaza olayina giriliyorsa hukuki agidan teknede bulunan personelin
bilgi, egitim ve sertifikalandirilmasi Gzerine arastiriimalarin arttirilmasi gerekmektir.

Calisma sonucunda tespit edilen COLREG, SOLAS (LSA ve FFA (izerinden) ve SOLAS’in altindaki kodlardan
biri olan ISM Kod kaza analizlerinde etki degeri ylksek olarak belirlenmistir. Benzer bir kaza analizi
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¢alismasindan olan Stingheru vd., 2018 yilinda ¢alismalarinda 6zellikle COLREG ve insan hatalarinin yer
aldigi ISM ile ilgili kazalarin olustugunu calismasinda benzer bir sekilde belirtmistir. Ayrica ekipman
hatalarini farkl bir bolimde belirtmesine karsi sistematik kontroller oldugu icin Emniyetli Yonetim
Sistemi icerisine dahil edersek ayni sekilde benzerligin bu calisma ile ortak noktalar oldugu
gorilmektedir. Ugurlu ve Cicek, 2022'de COLREG kazalarinin 6énemli oldugunu c¢alismalarda
vurgulamistir ve benzer sekilde bu ¢alismada da COLREG kurallarinin ihlalleri 6nemli olarak ¢ikmustir.
Literatlrdeki kaza analizi ¢alismalari genellikle tek bir baslik tGzerine, 6rnegin karaya oturma, ¢arpisma
veya deniz kirliligi Gzerine odaklanmistir. Bu ¢alismada, kazalarin gesitli nedenleri ve uluslararasi
denizcilik sozlesmelerine iliskin ihlaller Gzerine odaklanan arastirma, diger deniz kazalari tizerine yapilan
literatuir galismalarindan farkhlik géstermektedir.

Galismanin sonucunda, uluslararasi denizcilik s6zlesmelerine gemi personeli tarafindan uyulmamasi ve
uygulanmamasinin kazalara dogrudan etkisinin analizi yapilmistir. Tiirk karasularinda gerceklesen gemi
kazalarinda yetkili gemi personeli tarafindan UDS kapsaminda biyilk 6lciide SOLAS ve COLREG
kurallarinin goz ardi edilmesi sonucu kazalarin oldugu tespit edilmistir. Bu kazalarin ana nedeni olan
personel bilgi ve tecriibe eksikliklerinin giderilmesi icin egitim kurumlari, denizcilik sirketleri ve yetkili
devlet otoriterlerinin konunun hassasiyeti nedeni ile {zerine dismesi gerekmektedir. Gemi
personelinin egitim seviyesini yilkseltmenin, denizcilik sozlesmelerine hakimiyetinin ve iletisim
tekniklerinin Ust seviyeye cikartiimasinin ne kadar 6nemli oldugu bu calisma neticesinde bir kez daha
on plana cikmistir. Bu calisma, gemi kazalarinin birden fazla nedeni olan durumlarinin incelenmesi
yoluyla denizcilik s6zlesmeleri ihlallerinin etkisi Gizerine literatlire 6nemli katkida bulunmaktadir.
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OzET

Girdap kaynakh titresimler (GKT), cesitli yapi tiplerinde, acik deniz yapilarindan duragan ve ylizen
platformlara kadar, lineer olmayan bir akis—yapi etkilesimi fenomeni olarak karsimiza ¢ikmakta ve bu
durum genellikle yapisal hasara ve istikrarsizliga neden olmaktadir. Ancak, son yillarda yapilan bazi GKT
¢alismalari, fenomeni dogrudan yenilenebilir enerji Gretimi icin kullanmaya ya da cesitli sekillerde
yararlanmak amaciyla cihazlar gelistirmeye odaklanmistir. Bu calismada, GKT’nin hem yikici—tahrip
edici 6zelliklerinden kaginmaya hem de fenomenden yararlanmayl amaglayan arastirmalarin siklikla
karsilastigi ortak problemlerden biri olan serbest su ylizeyi etkisini yliksek Reynolds sayilarinda
inceleme amaclanmistir. Bu amacla, serbest ylizeye yakin bir konumda bulunan dairesel bir silindirin
GKT'si Uzerine yapilan deneysel ve sayisal arastirmalarin bulgulari sunulmakta ve tartisilmaktadir.
Calismada oncelikle, serbest su ylizeyinden yeterince uzakta konumlandirilan bir silindirin GKT
performansi deneysel olarak verilmistir. Ardindan ayni silindir kademeli olarak ylizeye yaklastiriimis ve
sonunda sakin suda silindir ist noktasi serbest su ylizeyi hizasinda olacak sekilde konumlandirilmistir.
Serbest su ylizeyinden yeterince uzakta oldugu kosulda en yiiksek genlik Urettigi kenetlenme
durumundaki kitle orani, yay sabiti, Reynolds sayisi gibi deneysel parametreler sabit tutularak sadece
su icindeki derinligi degistirilmis ve her yeni kosul icin hareketli silindir etrafindaki akis 6zelliklerine ve
GKT performansina izahat getirilmistir. Calisma, serbest ylizey etkisi altinda GKT hareketi gbzlemlenen
dairesel silindirin salinim genliginin, frekansinin ve faz farkinin su igindeki derinligine bagh olarak
kontrol edilebilecegini ve diizenlenebilecegini gostermektedir. Bu bulgular, acik denizde yerlestirilen
razgar tlrbinleri, dalga enerijisi Uretecleri, hidrojen ve glines enerjisi tesisleri gibi bircok potansiyel
uygulamanin daha glvenli ve uzun 6mirli olmasina saglamasina katki saglayacak niteliktedir.
Calismada, tercih edilen deneysel ve sayisal yontemler, parametrik analiz ve ana sonuglar detayli bir
sekilde sunulmaktadir.

Anahtar kelimeler: Girdap kaynakli titresimler, dairesel silindir etrafinda akis, serbest yiizey etkisi.
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ABSTRACT

Vortex-induced vibrations (VIV) occur as a nonlinear flow-structure interaction phenomenon on
various types of structures, ranging from offshore structures to stationary and floating platforms. VIV
phenomenon usually leads to structural damage and instability. However, recent studies have focused
on harnessing this phenomenon directly for renewable energy generation or developing devices for
various purposes. In this study, effects of free surface conditions were examined on VIV at high
Reynolds numbers—a common challenge faced by researches aiming both to avoid the destructive
effects or harnessing the benefits of VIV. To achieve this, the findings of experimental and numerical
investigations on the VIV of a circular cylinder located near the free surface are presented. Initially, the
VIV performance of a cylinder positioned sufficiently far from the free surface was experimentally
measured. Subsequently, the same cylinder was gradually brought closer to the surface until its
uppermost point aligns with the still free water level. While keeping experimental parameters such as
mass ratio, spring stiffness, and Reynolds number constant for the condition where the cylinder
produced the highest oscillation amplitudes, only the water depth was gradually altered. The flow
characteristics around the moving cylinder and its VIV performance under each new condition have
been interpreted. The study demonstrates that the oscillation amplitude, and frequency of the circular
cylinder experiencing VIV under free surface effects can be controlled and adjusted based on the water
depth. These findings have implications for various potential applications, including offshore wind
turbines, wave energy converters, hydrogen production, and solar energy facilities, making them safer
and more sustainable in open sea environments. In the study, the proposed experimental and
numerical methods, parametric analyses, and main results are presented in detail.
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1. Giris

Kat bir cisim belirli Reynolds sayilari (izerinde akisa maruz kaldiginda, cismin etrafinda girdaplar
olusmaya ve periyodik olarak kopmaya baslayacaktir (Zdravkovich, 2003). Bu girdaplar, dénen akiskan
hareketinin iz bolgelerinde ciplak gozle dahi gézlemlenebilmektedir. Koparak cisim lzerinden ayrilan
girdaplar, ayrildiklar ylzeyde basing farkliliklari meydana getirmekte ve bunun sonucunda akisa dik
eksenin her iki yonliinde zamanla degisen kuvvet farklari olusturmaktadir. Periyodik olarak etkiyen bu
kuvvetler neticesindeki cisim titresime zorlanmaktadir. Tam bu noktada, cismin dogal frekansi ile
Uzerinde kopan girdaplarin frekansi arasindaki iliski Gnem arz etmektedir. Elastik bir cismin dogal
frekansi degerleri yakininda GKT hareketi gostermesi durumunda bir “senkronizasyon bélgesi’nden
bahsetmek mimkin hale gelmektedir. Senkronizasyon bolgesi icinde bu titresimlere maruz kalmasi
durumunda salinim genlikleri gozle gorinilr bicimde artmakta ve bolge icinde rezonansa girdigi
noktada bu genlikler genellikle en yiksek degerine ulasmaktadir. Girdap kaynakh titresimler (GKT)
olayinda bu 6zel duruma “kenetlenme (lock-in)” adi verilir (Kinaci, 2016a).

GKT olayi yapilarda tahribe, yorulmaya ve diger yapisal bozulmalara neden olmaktadir. 1940 yilinda
Washington Tacoma Narrows Bridge ismiyle bilinen ve kendi doneminde diinyanin en biyik asma
koprilerinden biri olan yapi Gzerinde meydana gelen salinimlar yikilma ile sonuclanmis ve o tarihlerde
bu yikimin sebeleri net olarak ortaya konamamistir. Hadisenin GKT nedenli oldugu ise ancak birkac on
yil sonra Feng (1968)’in ortaya koydugu bulgular i1siginda anlasilabilmistir. Feng (1968), kit cismi
temsilen dairesel bir silindir kullanarak rizgar akisina maruz birakmis ve kenetlenme halinde bu
silindirin  kendi ¢apindan biylk salinim genligi Urettigini gozlemlemistir. Literatlirde onci
calismalardan kabul edilen bu deney sonuglari sonrasinda kopri, acik deniz yapilari, gokdelen, baca, isi
esanjorleri, deniz tabanindaki kablolar gibi akisa dik yonde maruz kalan kit geometrili miihendislik
yapilari Gzerine GKT arastirmalari 6nem kazanmis ve yapi dinamigi hesaplamalari igindeki yerini almaya
baslamistir.

GKT calismalari tGizerine yapilan deneysel ve sayisal hesaplamalarda kiit cisim olarak genellikle dairesel
bir silindir tercih edilmektedir. Sabit bir silindir etrafindaki akis karakteristikleri ve iz bolgesi yapilari
Sumer & Fredsoe (1997) ve Zdravkovich (2003) tarafindan detaylica tartisiimistir. Sabit silindire benzer
miihendislik yapilari Gzerinde levha sarmali (helical fairings) ve karenajlari (strakes) gibi mekanik
uygulamalar kullanilarak yapi lizerindeki girdap olusumu veya girdap kuvvetlerinin periyodik olarak
yaplya etki etmesi azaltiimaya calisilmaktadir (Schulz & Kallinderis, 2000). insasi planlanan bir yapinin
GKT'den etkilenmesini en aza indirebilmek i¢in 6ncelikle fenomenin bagh oldugu parametrelerin
irdelenmesi gerekmektedir. Akis hizi (U), akis kaynakli titresimlere maruz kalan yapinin ¢api (D),
uzunlugu (L) ve agirhg (m), tasirdigi akiskanin yapi agirhigina orani (kisaca kiitle orani: m* = mgq./my),
yapinin yay sabiti (k) ve blokaj orani (BO) gibi parametreler silindir etrafindaki akisin 6zellikleri ve yapi
dinamigi Ulzerinde mutlak rol oynamaktadir. Bu parametrelerin degistirilmesi ile GKT’'nin
senkronizasyon bdlgesinin genisletilmesi ya da daraltilmasi, salinim genliklerinin artirilip azaltiimasi ve
de kenetlenme olayinin agiga c¢ikarilmasi mimkuinddr.

Gegctigimiz son 15 yila kadar GKT galismalarinin siklikla arastirdigi yikici-tahrip edici 6zelliklerinin aksine
son vyillarda yapilan bazi icatlar ve prototip modeller ile bu fenomenden yararlanilabilecegi
ispatlanmistir. 2005 yilinda Bernitsas & Raghavan tarafindan patentlenen VIVACE isimli dontstiricu
sayesinde akisa dik yondeki GKT hareketine elastik yaylar ile izin verilen dairesel bir silindirin
titresimlerinden elektrik enerjisi elde etmeyi basarmasi ile fenomene olan bakis acisi degismis ve ilgi
artmistir (Bernitsas & Raghavan, 2005). Baska bir ¢calismada geleneksel GKT diizenegi tasarimindan
farkl olarak silindire baglh yaylar yerine kullanilan akisa paralel levhanin elastikliginden faydalaniimis
ve piezoelektrik malzeme kullanilarak elektrik enerjisi Gretilmistir (Akaydin vd., 2010). 2013 yilinda ise
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dairesel bir silindirin GKT hareketinin frekansindan yola gikarak meskenlerde kullanilan suyun debi
Olciminl efektif olarak yapan bir alet gelistirilmistir (Lakka, 2013). Dort farkli GKT diizenegi ile
piezoelektrik malzeme kullanilarak elektrik {ireten bir baska calismanin bulgulari Dai vd. tarafindan
2016 yilinda paylasiimistir. 2020 yilinda ise tek serbestiyet dereceli dairesel bir silindir—elastik yay
kullanilan GKT diizenegi marifeti ile Gretilen mekanik enerjiden tarimda sulama igin kullanilabilecek ve
kendi kendini tahrik eden pompa tasarlanarak patentlenmistir (Kinaci & Gokge, 2020).

Bu calismada, Tirkge kaynaklarin sinirli olmasi sebebiyle GKT lzerinde yeterli ilginin gésterilememesi
sorununu asmak amaciyla, fenomenin fiziksel izahatini yapmak ve ayni zamanda yenilenebilir enerji
kaynagi olarak kullanilabilirligini artirmak icin sig sularda karsilasilan serbest su yizeyi etkisi gibi
problemler ele alinmistir. Calismanin deneysel kisminda, iTU Ata Nutku Gemi Model Deney
Laboratuvarinda yer alan sirkiilasyon kanali Gzerine kurulu ve 2022 yilinda restore edilerek dairesel
silindirler etrafinda girdap kaynakli titresim deneylerini cok daha distk agirliklarda yapmaya olanak
taniyan yeni deney mekanizmasi kullanilmistir. Yapilan deneysel testlere ek olarak ¢ boyutlu
similasyonlardan yararlaniimistir. Sig sularda elektrik Gretimi, su pompasi tahriki gibi enerji tiretimi
hedefleyen calismalarda karsilasilan serbest su ylizeyi etkisini irdelemek icin modellemede kullanilan
dairesel silindir ile serbest su ylizeyi arasindaki mesafe degistirilerek lg farkl senaryo olusturulmustur:
serbest su ylzeyi etkisinden yeterince uzakta konumlandirilan dairesel silindir, serbest su ylzeyi
etkisinde Ug farkli derinlikte dairesel silindir kosulu ve sakin sudaki serbest ylizeye temas eden dairesel
silindir. Bu senaryolarda dairesel silindir etrafindaki akisin 6zellikleri tartisiimis ve iz bolgesindeki girdap
yapilarinin GKT hareketi Gizerindeki roli gozlemlenmistir. Calismada iz bolgesindeki girdap yapilarini
incelemede oldukca basarili olan Detached Eddy Similasyonu (DES) yontemi kullanilmis, GKT
hareketinin similasyonu igin ise STAR CCM+'da yer alan Dinamik Akiskan—Yapi Etkilesimi (Dynamic
Fluid Body Interaction, kisaca DFBI) yonteminden yararlaniimistir.

2. Girdap Kaynakli Titresimlerin Bagh Oldugu Baslica Parametreler ve Fiziksel izahati

Kt bir cisim etrafinda girdap olusumu, basta akiskan 6zellikleri olmak tizere cisim ile akiskan arasindaki
uzaysal ve zamansal etkilesime baglidir. Ornegin, hareketsiz dairesel bir silindir tizerindeki akisi ele
aldigimizda, silindirin ¢api (D), akiskanin hizi (U) ve yogunlugu (p), akiskanin dinamik viskozitesi (i) ya
da kinematik viskozitesi (v) ile Reynolds sayisi (Re) hesaplanir. Bu Reynolds sayisina bagh olarak
akiskanin cisim Uzerinde tek—cift yonli girdap kopmalari olusturup olusturmayacagi, sinir tabakanin
turbilansli olup olmayacagi hakkinda tahminde bulunmak mimkiindr.

2.1 Akis Hizi, Silindir Capi ve Reynolds Sayisi

Reynolds sayilari tarafindan belirlenen akis rejimi sinirlari ve karsilik gelen sinir tabaka ve akis
Ozellikleri, Tablo 1'de verildigi gibi alt bolimlere ayrilmistir (Martins & Avila, 2019).

_pDU _ DU
===

Okyanus yataklarindan dogal kaynak rezervlerini su ylizeyine dogru tasimada kullanilan ¢ikis borulari

Re

(1)

(riser) ve seren, denizde petrol ve dogalgaz arama ve g¢ikarmada kullanilan agik deniz yapilarinin
ayaklari gibi gemi insaati ve denizcilik yapilarina etkiyen dis akislar genellikle kritik-alti akis rejimindeki
TrSL2 ve TrSL3 (Transition Shear Layer: Gecis Kayma Tabakasi) araligina denk gelmektedir (Rahman,
2015). Bu yapilari dairesel bir silindir ile temsil ettigimiz zaman Sekil 1’de goriildigu lizere stagnasyon
noktasi civarinda ikiye ayrilan akim, silindirin altinda ve Ustliinde kayma tabakalari meydana getirecek,
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bu kayma tabakalari silindir Gzerinde bir sire yol aldiktan sonra cisim tzerinden koparak yoluna devam
etmek isteyecektir. Bu noktada, silindirin altinda ve Ustlinde, basta Reynolds sayisi olmak lizere akisin
anhk ozelliklerine gore silindir merkezine gore belirli agilarda silindir Gizerinden ayrilmaya baslayacaktir.
Kayma sinir tabakasinin silindire temas eden ylizeyinin kopmak istememesi, silindir aftinda (arkasinda)
negatif basing olusumu nedeniyle kayma tabakasindaki akisin bir kisminin yon degistirerek yeniden
silindire dogru hiicum etmesi gibi nedenler ile girdaplar olusacaktir. Cismin simetrik oldugu géz 6niine
alindiginda, bu girdaplarin alttan ve Ustten birbirini takip ederek kopacagini tahmin etmek zor degildir.
Bitlin bu yapi—sivi etkilesimi neticesinde silindir tizerinde ¢ift yonli kuvvetler olusacak ve bu da cismi
titresim yapmaya zorlayacaktir. Eger silindir rijit bir baglanti ile sabitlenmemis ise, baska bir deyisle
akisa dik yonde elastik serbestlik verilmis ise, girdap kopmalarindan kaynaklanan kuvvetler cisimde
salinimlara neden olacaktir.

Tablo 1. Reynolds sayisi araliklari ve bunlara karsilik gelen dairesel silindirler etrafindaki akis
karakteristikleri.

Reynolds Sayisi Akis Rejimi Ozelligi
Laminer Rejim
Re<1 Stiriiklenen Akis (Creeping Flow)
3-5<Re<30-40 L Duragan Ayrilma (Steady separation)
30-40< Re <150-300 L Periyodik laminer dokiilme
Kritik—alti Rejim
150 - 200 < Re <200 - 250 Trwil iz bolgesinde Laminer Girdaptan Gegis
200 - 250 < Re < 350 —500 Trw2 Dizensiz Girdap Olusumuna Gegis
350-500< Re<1-2x103 TrSL1 Serbest kayma tabakasinda gecis dalgalarinin gelisimi
1-2x103<Re<1-2x10* TrSL2 Serbest Kayma Tabakasinda Girdap Olusumu
1-2x10*<Re<1-2x10° TrSL3 Tamamen Tirbilansl Kayma Tabakasi
Kritik Rejim
1-2x10°<Re<3.1x10° TrSO/TrBLO Ayrilma Noktasindaki Gegisin Baslangici
3.1x10°< Re <3.4 x 10° TrS1/TrBL1 Tek Ayrilma Balon Rejimi
3.4x10°<Re<3.8x10° Kararsiz Bolge

2.2 Kiitle, SGnlim Katsayisi ve Yay Sabiti

Tek serbestlik derecesinde k rijitligindeki elastik yaylar ve ¢ sonim katsayisi ile y yénlinde titresimine
izin verilen m katleli bir GKT silindirinin titresimini Denklem 2 ile verilen zorlanmis titresim ifadesi ile
temsil etmek mimkindir.

my +cy +ky=FE/(t) (2)

Bu denklemde dogal frekans w,, = \/k/m ve kiitlesiz sénim parametresi y = ¢/m yerine konursa
Denklem 3 elde edilir.

J +yy + .y =FE(t) (3)

Hareket denkleminde tanimlanan dogal frekansin ve girdap kopmalari neticesinde olusarak zamana
bagl olarak buyikligl ve yonu degisen F,, (t) ifadesinin frekansinin birbirine yakin oldugu durumlarda
titresimin senkronizasyon bolgesinde oldugu, birbirine esit oldugu durumlarda da kenetlenme olayinin
ortaya ciktigi bilinmektedir. Bu noktadan hareketle, bir GKT calismasinda sayet tasarimi yapilacak
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mihendislik yapisinin en kotli durum senaryosu (worst-case scenario) incelenmek isteniyorsa
kenetlenmeyi de icine alan ve senkronizasyon boélgesinin en tehlikeli alani olarak bilinen “lst dallanma”
arahgi ayrintili olarak incelenmelidir. Tasirilan akiskanin agirligi (displaced-fluid-mass) m; > 1 oldugu
hava ortaminda senkronizasyon araliginda genellikle baslangic dallanmasi (initial-branch) ve (st
dallanma (upper—branch) olmak zere iki dallanma gorilir. Su gibi ylksek 6z-kitleye sahip bir akiskan
ortaminda GKT gozlemlenirken dilsik ve orta Reynolds sayilarinda bu senkronizasyon bolgelerine
ilaveten Gglincl bir dallanma tiri olan alt dallanma (lower—branch) gézlemlenir.

EIE
3k
Akis Yoni  w¢
HE
— O NG
—_— e Cisim/
—_— (&) Kopan

y " Girdaplar
J—x

Sekil 1. Girdap kopmalarindan kaynaklanan kuvvetlerin cismi titresime zorlamasi

GKT olayindan faydalanmayi hedefleyen calismalarda, hareket denkleminden faydalanilarak dogal
frekanslarin matematiksel yontem ile tespit edilmesi ve ardindan girdap kopma frekanslarina yakin
calisma kosullari olusturularak senkronizasyon araligindaki tst dallanma bolgesi incelenmelidir. Bu
hesaplamalarda sabit silindir etrafinda akis problemlerinin incelendigi Fredsoe & Simer (1997), Yiiksel
(2011) gibi kaynaklarda farkh akis hizlarinda ve bu akis hizlarina karsilik gelen Reynolds sayilarinda
girdap kopmalarini veren Strouhal (St) sayisindan yararlanilabilir.

2.3 Serbest Su Ylizeyi Etkisi ve Bosluk Katsayisi

Dairesel silindirin icinde bulundugu akiskan ile hava arasindaki sinir gérevini géren serbest su ylizeyi,
GKT dinamiginde daha fazla karmasaya sebebiyet vermesi kaginilmazdir. Agik deniz yapilarinda GKT’ye
serbest su ylizey etkisi ile birlikte maruz kalan muihendislik yapilarinin dayanim ve Omir
hesaplamalarinda bu iki etki birlikte incelenmelidir. Serbest su ylzeyinin mevcudiyeti, su icinde akisa
maruz kalan kiit cisimler izerindeki akis desenini dnemli 6lglide etkilemektedir. Ayrica bu etki, serbest
su ylizeyi yakinindaki akis hizi ve basing gradyanini da degistirmektedir. Bu sartlarda periyodik olarak
alttan ve Ustten kopmasi gereken girdaplar icin st sinir tabakanin tahrip olmasi ya da hi¢ olusamama
riski vardir. Batln bunlara ek olarak, serbest ylizeye yakin tarafta yeterince alan olmamasi, serbest
ylzey gerilimi ya da su jetlerinin olusumundan kaynaklanan yeni kuvvetlerin de aktif rol oynamasi gibi
(Reichl vd., 2005) sebepler girdaplarin olusumunu kismen ya da tamamen engelleyerek sadece alt sinir
tabakadan kopmasina neden olmaktadir. Bitin bu etkiler, sliphesiz yay—silindir sisteminin dogal
frekansini ve sonimiini de degistirecektir. Yiizeyden yeterince derinde konumlandirilan dairesel bir
silindire akiskandan GKT vasitasiyla gecen enerjinin bir kismi, silindirin ylizeye yakin konumlandiriimasi
durumunda, su sigratma ve serbest su ylizeyinde dalga olusturmaya harcanacaktir. Silindirin
olusturdugu bu dalgalar hig stiphesiz kendi GKT hareketini de etkileyecek boylece zaten ancak dogrusal
olmayan denklemler ile tanimlanabilen fiziksel olgunun izahati daha da karmasik bir hal alacaktir.
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Sekil 2. iTU Ata Nutku Gemi Model Deney Laboratuvarinda yer alan sirkiilasyon kanalinda GKT’ye
maruz birakilmis dairesel bir silindirin serbest su ylizeyi etkisindeki hareketi.

Sekil 2’de 6rnek olarak verilen serbest su ylizeyine yakin konumlandirilan dairesel silindirin tst noktasi
ile ylizey arasindaki mesafe h (m), silindir ¢capi D (m) olmak lzere boyutsuz bosluk orani (gap ratio)
h* = h/D ile ifade edilmektedir. Calismadaki Froude sayisi (Fr) ise serbest su ylzeyi ile silindirin Ust
noktasindaki bosluk oranina bagh olarak hesaplanmistir. Tahmin edilecegi Gizere orani h* arttikca
serbest su ylzeyi etkileri azalacaktir. Ancak bu etkinin azalip artmasinin GKT hareketine etkisinin dogru
orantili olup olmadig1 séylemek ancak sayisal ve deneysel testler ile miimkiin olacaktir. Bosluk oraninin
azaldigi ve sonunda silindirin serbest su ylizeyine temas ettigi noktadan itibaren negatif h*
degerlerinden s6z etmek miimkiin olmakla birlikte, ¢calismada sakin su ylizeyindeki silindirin serbest
ylzeyi deldigi bir kosul incelenmemistir. Kisaca, GKT hareketi Gizerindeki roll acgisindan serbest su
yuzeyi etkisi incelenmek istendiginde, h* 6nemli bir parametre olarak anilacaktir.

3. Model Kurulumu

Calismanin iki ana bélimiine ait bulgular, deneysel testler ve similasyonlar, GKT olayinda Uretilen
indirgenmis genlik ve frekans degerlerini bulmakta ve bu degerlerin genel hatlari ile literatlre
uyumluluklarina ¢ift denetim saglamaktadir. Ayrica dogru sonuglar Greten bir similasyon
modellenmesi saglanmasi, ileride yapilmasi planlanan GKT analizlerinin disiik maliyetli ve daha hizli
olmasini saglayacaktir. Biitlin bunlara ek olarak, iz bélgesindeki akis ve girdap yapilarini similasyonlar
aracihgi ile irdeleyebiliyor olmamiz, deneysel olarak oldukca maliyetli ve erisiminde gliclik yasadigimiz
PIV (Particle Image Velocimetry) ekipmaninin olmayisinin eksikligini bliylik 6lglide azaltmaktadir.

3.1 Deney Mekanizmasi

Deneysel arastirma, iTU Ata Nutku Gemi Model Deney Laboratuvarinda yer alan sirkiilasyon kanali
Uzerine kurulu GKT deney mekanizmasi ile gergeklestirilmistir. Sirkiilasyon kanal, bir adet elektrik
motoru, pervane ve rpm (dakikadaki devir sayisi) kontrol paneli icermektedir. Kanaldaki suyun akis hizi
(U), rpm degerlerine bagh olarak tarafimizca 2019 yilindaki renevasyon sonrasi kalibre edilmistir.
Sirkulasyon kanalinda yaklasik 43m?3 su, 50 kW gticiindeki elektrik motoru-pervane diizenegi ile tahrik
edilmektedir. Sekil 3'te gosterilen deneylerin yapildigi test alani 6l¢lleri 1.5m x 0.64m ve akis hizi arahig
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0 - 1.95 m/s seklindedir. Deneylerde kullanilan silindirin boyu L = 1.42m olup yatay blokaj orani (BO)
%94.67’dir. Bu oran silindirin bagh oldugu kollarin kanal duvarlarina siirtmemesi i¢in kasten %100
olarak ayarlanmamistir. Ote yandan, silindir Gizerindeki akisin ii¢ boyutlu karakteristikler géstermesi ve
uglara dogru akis formunun bozulmasina neden olabilecek niteliktedir. Bu ¢alismanin kapsami iginde
yer verilmeyen bu etkilerin sayisal analizlerde de benzer bulunmasi igin similasyonlarda ayni BO degeri
kullanilmistir. Dairesel silindirlerin GKT hareketine ug akisin etkileri benzer akis rejimlerinde Duranay
vd. (2021) ve Kinaci vd. (2016)’'da mustakilen tartisiimistir.

Sekil 3. Sirkiilasyon kanali ve GKT deney mekanizmasi

Onceki deneysel ¢calismalarimizda kullanilan deney mekanizmalarinin aksine (Duranay & Kinaci, 2020;
Duranay vd., 2021), dairesel silindirlerin daha duslik kitle oranlarinda VIV deneylerini gerceklestirmek
icin bazi agir bilesenler degistirilmis ve mekanizma genel hatlari ile revize edilmistir. Deneylerde 6l¢im
almak i¢in donanimsal tasarimi ve yazilimi tarafimizca gelistirilen ultrasonik bir sensér (HC-SR04), her
bir test boyunca en az bir dakika boyunca veri kaydetmistir. Her bir kosulda ve akis hizinda alinan
verilerin ortalama degerleri kullaniimistir.

3.2 Sayisal Yontem

Bu calismada diizensiz, sikistirllamayan akis kullanilarak gerceklestirilen yapi-sivi etkilesimi olayini
simile etmek i¢in Detached Eddy Similasyonu (DES) yontemi kullaniimis, GKT hareketinin simiilasyonu
icin ise STAR CCM+’da yer alan Dinamik Akiskan—Yapi Etkilesimi (Dynamic Fluid Body Interaction, kisaca
DFBI) yonteminden yararlaniimistir. Navier—Stokes denklemleri ile akis icindeki momentum, kiitle ve
enerjinin korunumu, kullanilan ticari yazilimin Sonlu Hacimler Yontemi (Finite Volume Method, kisaca
FVM) yardimi ile kontrol hacminde tanimlanarak ayriklastiriimistir. STAR CCM+ temelde Hesaplamali
Akiskanlar Dinamigi (HAD) yazihmi olmakla birlikte akiskan—yapi etkilesimi analizlerinde yapi
dinamiginin ozelliklerini ve hareket denkleminin bilesenlerini tanimlamaya izin veren DFBI modilu
sayesinde GKT olayini simile etmemize imkan saglamaktadir.

Calismada, iz bolgesindeki girdap yapilarini incelemede basarili tiirbiilans modeli olarak SST k - w
Detached Eddy yontemi kullaniimistir (Menter, 1994). Segilen bu tiirbllans modeline gére yakin duvar
bélgesini dogru bir sekilde modellemek icin gelistirilmis y* duvar islemi kullanilmistir. Bu model,
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ozellikle akis ayrilmasi, girdap kopmasi veya bozucu bir basing gradyani oldugunda diger iyi bilinen
turbilans modellerine kiyasla daha dogru tahminler sagladigi bilinmektedir. k—w tlrbllans modeli
ayrica mevcut simulasyonlar icin dogruluk ve hesaplama siiresi arasinda iyi bir denge saglamaktadir.
Tirbilans modelleri arasindaki kiyaslamalar hakkinda daha genis bilgi Unal vd. tarafindan 2010 yilinda
yayinlanan icerikte elde edilebilir.

3.2.1. Kontrol Hacmi ve Sinir Kosullari

Calismada, sinir kosullari olarak iTU Ata Nutku Gemi Model Deney Laboratuvarinda yer alan sirkiilasyon
kanalinin boyutlari taklit edilerek similasyonlarda tanimlanmistir. Ug boyutlu silindirin hacim merkezi
sifir noktasi olarak ayarlanarak silindir capina (D) bagh sinir kosullari Sekil 4’teki gibi diizenlenmistir.
Dairesel silindir, akisin giristen stagnasyon noktasina kadar dizgilin ulasabilmesi ve GKT hareketiyle
silindirin ters yonde olusturacagl yizey dalgalarinin hareket edecegi yeterli alani saglayabilmek
amaciyla giristen 10D mesafeye konumlandiriimistir. Akisin kontrol hacmini terk edecegi yonde iz
bolgesinin olusumu ve gorintiilenebilmesi icin 25D mesafe birakilmistir. Sirkiilasyon kanalindaki
genisligi taklit etmek igin toplamda 13.64D (BO = Lg;jinadir / Lkanar = 0-947) genislik ve duvar etkilerini
asgariye indirmek icin toplamda 10.25D yiikseklik tanimlanmistir. Su—hava karisiminin ayni anda
bulundugu bu analizlerde, farkli bosluk oranlarina (h*) gore tanimlanan 10.25D yukseklik icindeki su
seviyesi farkhlik gostermektedir. Hava—su karisiminin kontrol hacmine giris yaptig on, alt ve Ust
ylzeyler analizlerde giris (inlet), akiskanin kontrol hacmini terk ettigi arka ylizey ¢ikis (outlet) ve diger
ylzeyler simetri diizlemi olarak tanimlanmistir.

7D
SERBEST
) su
= 3.5D YUZEYi
17.75D
3.5D 25D
\

/

Sekil 4. Bosluk orani h*=3.5D oldugu durum i¢in kontrol hacmi ve silindir.

3.2.2 Uzaysal-Zamansal Ayriklastirma ve Ag Yapisi

Donliis ve otelenme hareketlerin oldugu akiskan—yapi problemlerinin sayisal olarak modellendigi HAD
analizlerindeki ag yapisi olusturulurken Sekil 5'te gosterildigi izere Ui¢ boyutlu alti diizlem yizeyli bir
orgl kullanmak, 6zellikle cismin hareket ettigi bolgede daha dinamik ve direncli hiicreler olusmasini
saglamaktadir (STAR CCM+, 2018). Ag yapisi olusturulurken cisim etrafinda ve iz bolgesinde daha kiiglik
ve sik bir doku kullanmak, sinir tabaka ve viskoz alt katmanlarin dogru bir sekilde modellenmesini
saglamaktadir. Calismada, bu sik ag 6rglstinin dairesel silindir etrafindaki prizmatik katmanlarinin
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sayisl, genisleme orani ve toplam kalinligi olusturulurken y ™ kriterleri uygulanarak ve cisim etrafindaki
ilk hicreler Uzerindeki sayisal degerinin 5’ten kii¢lik sonugclar liretmesine dikkat edilmistir. Bunun
sonucu olarak analizlerde toplam 2,744,473 ag hiicresi kullanilarak ¢6ziime gidilmistir. Similasyonlarda
kullanilan zaman adimi biylklGgi girdap kopma periyodunun (T) 200’de 1’'ini gecmeyecek sekilde
As=0.01 olarak alinmistir. GKT hareketi yapan dairesel bir silindirin sayisal analizlerinde dogru bir ag
yapisinin genel hatlariile olusturulmasi, y* kriterlerinin detaylari ve zaman adimi biyikligiiniin dogru
secilmesi hususlarinda Duranay (2024), Kinaci (2016b) ve Mandelli vd. (2016)'dan daha detayl bilgiler
edinilebilir. Calismada, ag sayisindan ve zaman adimi araligindan bagimsizlik irdelenmis ve Tablo 2’de
sunulmustur. Standart sapma degerleri incelendiginde similasyonlarda kullanilan hiicre sayisi ve
zaman adimi araligi segimlerinin yeterli oldugu anlasiimaktadir.

Tablo 2. U*=6.144 hizinda farkli hiicre sayisi ve zaman adimi araliklarinda indirgenmis genlik ve
indirgenmis frekans degerleri

Hicre Sayisi (Adet) Zaman adimi arahgi (As) A" fr
1,703,391 0.010 1.16173 | 1.19878
2,744,473 0.020 1.14846 | 1.22521
2,744,473 0.010 1.15124 | 1.21982
2,744,473 0.005 1.15119 | 1.21456
5,162,089 0.010 1.15061 1.21807

Standart Sapma 0.00320 | 0.00694
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Sekil 5. Kontrol hacmi kesit gérintisl ve ag 6rglstnin dagihmi.

4. Deneysel Testler ve Sayisal Analizlerdeki Girdap Kaynakl Titresim Silindirinin Teknik Ozellikleri

Uc boyutlu analizlerde tek bir silindir kullanilarak ayni sinir ve baslangi¢ kosullarinda sadece su
yuksekligi degistirilmis ve boylece 5 farkli bosluk orani (h*) elde edilmistir. Bu h* degerlerinin ilkinde,
silindir merkezi serbest su ylizeyinden 3D kadar uzakta konumlandiriimis ve 6ncelikle bu etkiye maruz
kalmadigl durumdaki GKT performansi elde edilmistir. Son h* degerinde ise su seviyesi silindir Ust
sinirina teget olacak sekilde tanimlanarak (yani silindir merkezi ile su seviyesi arasi 0.5D de denebilir)
GKT hareketi sirasinda silindirin kismen de olsa kendiliginden su tzerine ¢citkmasi amacglanmistir. Ara h*
degerlerinde ise silindir Gst siniri ile serbest su ylizeyi arasindaki mesafe kademeli olarak azaltilarak her
bir yeni kosulda silindirin serbest su ylizeyine daha fazla maruz kalmasi ve bunun sonucu olarak da GKT
performansinda degisim gozlemlenmesi istenmistir.
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Tablo 3. Deneysel ve Sayisal analiz kosullari ve degiskenleri.

Degisken Sembol | Birim Deger ve aralik
Silindir Capi D m 0.080
Silindir Boyu L m 1.420

Yay Sabiti k N/m 766

Su igindeki dogal frekans faw 1/s 1.221
indirgenmis akis hizi U* - 6.144
Kitle orani m* - 0.829
Bosluk orani h* - 0-3.500
Reynolds sayisi araligi Re - 2.2x10* - 1.07x10°
Froude sayilari Fr - 0.362 —0.958
S6nim katsayisi C - 0.050
Akiskan ézkitlesi p kg/m?3 997.561

Calismanin sayisal kisminda, serbest su ylzeyi etkilerinde incelenen deneysel ¢alisma ile kiyaslanmasi
yapilarak, kenetlenme civarina denk gelen indirgenmis akis hizlari (U* = 5 — 7) oldugu kosullar taklit
edilerek U* = 6.144 hizinda analizler yapilmistir. Silindir geometrisi ve suyun teknik ozellikleri
hesaplandiginda bu hizdaki Reynolds sayisi TrSL3 akis rejimine denk gelen Re = 4.8 x 10* olarak
bulunmustur. Silindir c¢api, boyu ve agirhk orani, yay sabiti ve sonim katsayisi deneysel
calismalarimizda kullandigimiz 6zellikler ile uyumlu olacak sekilde ayarlanmistir (6rnegin Duranay vd.,
2021). Bu parametrelerin GKT Uzerindeki etkisi literatlrdeki calismalarda detayli olarak agiklanmis olup
(Lee & Bernitsas, 2011), (Kinaci, 2016a), (Duranay vd., 2023) mevcut calismada sadece serbest su
ylizeyi etkisine odaklaniimistir.

5. Sonuglar ve Cikarimlar
5.1 Kullanilan Yontemlerin Dogrulanmasi

Kullanilan sayisal yaklasim, iTU Ata Nutku Gemi Model Deney Laboratuvarinda yer alan sirkiilasyon
kanalinda yapilan deneysel calismalar ile dogrulanmistir. Sekil 6, serbest su ylizeyinden yeterince
uzakta konumlandirilan (h*=3.5D igin) dairesel silindirin Tablo 3’te yer alan kosullarda GKT hareketinin
bitin senkronizasyon araligindaki sayisal ve deneysel sonuglarini birlikte sunmustur. Sayisal ve
deneysel yontemin birlikte verildigi bu bosluk oranina denk gelen sonuglar ayni zamanda calismada
kullanilan bes farkli derinlikten en bilylgudir. Tim parametrik detaylar Tablo 3’te verilmis olup
testlerin tamami TrSL3 akis rejimi icinde gerceklesmistir. Serbest su ylzeyi ile silindirin tGst noktasindaki
mesafe ve akis hizina bagl hesaplamalarda en derin konumdaki silindir kosulunda Froude sayisi
Fr =0.362 olarak bulunmustur.

Calismanin deneysel sonuglarinin literatiirde benzer parametreler ile vydritilen calismalarla
mukayesesi onceki yayinlarimizda, 6rnegin (Duranay vd., 2021; Kinaci vd., 2022), yapilmis olup
deneysel belirsizlikleri Usta & Duranay (2020) ve Duranay vd. (2022) de detaylica tartisiimistir. Sekil
6’da ifade edilen genlik ve frekans degerleri U akis hizlarinda, bu akis hizlarina denk gelen indirgenmis
akis hizlarinda (U*) ve Reynolds (Re) sayilarinda gosterilmistir. Buradaki f,,,, ifadesi silindirin su icindeki
dogal frekansi anlamina gelmektedir. GKT testlerinde, calisilan Reynolds sayisi araligina denk gelen
Strouhal frekansi St Line ile gosterilmistir. Bu deger, hareketsiz silindirler tzerinde girdap kopma
frekansi degerinin Reynolds sayilarina bagl olarak degisimini gostermektedir. St Line, GKT
¢alismalarindaki frekans degerlerinin Reynolds degerlerine bagh ana yodnelimin belirlenmesi ve
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takibinde referans alinan 6nemli bir degiskendir. f, ., hareketli silindirin salinim frekansi olmak tzere
U™ ve f* ifadeleri (4) ve (5) numarali denklemlerde verilmistir.
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Sekil 6. Kullanilan sayisal ve deneysel yontemler ile h*=3.5D kosulundaki dairesel silindirin GKT
indirgenmis genlik (4*) (solda) ve indirgenmis frekans (f*) (sagda) sonuglari.

U* =U/(faw X D) (4)
= fosc/ faw (5)

HAD analizleri, bulunan genlik ve frekans degerleri senkronizasyon araligi, dallanmalar arasi gecis ve
maksimum genlikler agisindan degerlendirildiginde deneyler ile olduk¢a uyumlu sonuglar vermistir.
Senkronizasyon araligindaki baslangi¢c dallanmasi deneylerde daha 6nce baslamis ve (st dallanmadan
alt dallanmaya ve hatta senkronizasyon disina daha derken ¢ikmistir. Ote yandan, HAD analizlerinde
Ust ve alt dallanma boélgelerinde daha yiiksek, baslangi¢ dallanmasinda ise deneylerden daha disiik
genlikler Uretilmistir. iki yontemde elde edilen kenetlenme noktasi ve civarindaki st dallanma
genlikleri farki sadece %2-3 araliginda iken bu fark sirasiyla baslangi¢ dallanmasi ve alt dallanmada
daha yiiksektir. GKT konusunda &ncii ¢alismalardan kabul edilen Govardhan & Williamson (2000)’e
uygun olarak, su icindeki dogal frekans (f,,,) ve vakum ortamindaki dogal frekans (f,,) degerlerinin
asildig noktalarda dallanmalar arasi gegisler gorilmustir. Bu gecis noktalar sayisal ve deneysel
calismalarda benzer araliklarda bulunmus olup sirasiyla U*=4-5 ve U*=11-12 degerlerinde meydana
gelmistir. Bu gecis araliklari Sekil 6’da hem genlik (solda) hem de frekans (sagda) degerlerindeki
kirilimalar ile net olarak anlasiimaktadir. Genliklerde alt dallanma bélgesinin Ust dallanma bdlgesi ile
senkronizasyon c¢ikisi arasinda fazla yer isgal etmemesi, hatta oldukgca soniik kalmasinin nedeni,
¢alismanin TrSL3 akis rejiminde yiruttlmesidir. TrSL3 akis rejiminin karakteristikleri hakkinda detayl
bilgi icin Ji vd. (2018) ve Duranay (2024)’den yararlanilabilir.

5.2 Serbest Su Ylizeyinin Dairesel Silindirin GKT Hareketine Etkisi

Calismada deneysel ve sayisal olarak GKT performansi incelenen dairesel silindirin senkronizasyon
bolgesinde elde etmis oldugu en yiiksek genlik degerine karsilik gelen indirgenmis akis hizi U* = 6
civarindadir. Bu akis hizinda uretilen sayisal ve deneysel genlikler sirasiyla A* =1.130 ve A* = 1.151 iken
sayisal hesaplamalarda elde edilen indirgenmis frekans f* = 1.220 ve deneysel indirgenmis frekans f*

= 1.178 olarak bulunmustur.
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Sekil 7. U*= 6 civarinda erisilen en yiiksek genliklerin (A*) (solda) ve ayni hiza denk gelen frekans (f*)
degerlerinin (sagda) bosluk oranina (h*=h/D) bagh olarak degisimi.

Sekil 7'de U*= 6 civarindaki Ust dallanma bolgesinde GKT performansi irdelenen dairesel silindirin
yapilan deneysel testler ve sayisal HAD analizleri bes farkh bosluk oranina bagh olarak birlikte
sunulmustur. Dairesel silindirin su icindeki derinligi azaldik¢a serbest su ylzeyi etkisinin genlikler
Uzerindeki negatif etkisi acik¢a gorilmektedir. HAD analizlerindeki genlikler yeterli derinlikte deneysel
sonuglardan yiksek deger iretmekteyken serbest su yizeyine yaklastikca HAD ile Uretilen genlikler
deneysel genlikleri asmistir. indirgenmis frekans degerlerinde ise genliklerin aksine, serbest su yiizeyi
etkisi ile artis meydana gelmistir. Akiskandan dairesel silindire olan enerji transferi agisindan
bakildiginda GKT genliklerin azalirken frekanslarinin ayni etki ile artmasi, GKT fenomeninden
yenilenebilir enerji elde etmeyi hedefleyen galismalar icin bir optimizasyon problemi olarak ortaya
cikmaktadir. Ote yandan, GKT’nin agik deniz yapilarinda meydana getirebilecegi tahribat s6z konusu
oldugu durumlarda dogal frekansi yiiksek yapilar icin serbest su ylizeyine yakin kosullarda daha fazla
risk olusturacagi gérilmektedir.

HAD similasyonlarinda, serbest su ylizeyi etkisinin girdaplarin olusumuna nasil kismen veya tamamen
engel oldugu Sekil 8’de gosterilmistir. Sekilde, bes farkh bosluk oraninda diger tim parametreler sabit
tutularak gergeklestirilen analizlerde meydana gelen girdaplar verilmis olup bu girdap formlarinin ve
akisin olusturdugu desenlerin derinlige bagh olarak buylk degisim gosterdigi aciktir. Hareket
denkleminin sag tarafinda ifade edilen ve zamana bagh degisiklik gésteren F,(t) girdap kopmasi
kaynakh periyodik kuvvetlerin olusabilmesi icin 6ncelikle gerekli olan sinir kosullari en sig iki derinlikte
(h*=0.0D ve h*=0.5D) buyik oranda saglanamamistir. Bu sartlarin ilki ve en 6nemlisi Sekil 1'de
gosterilen alt ve Ust sinir tabakalaridir. Sekilde, dairesel silindir serbest su yilizeyine daha yakin
konumlandirildikga ylizey civarinda akiskan yapilari kaotik bir hal almis, silindirin varligi miinasebeti ile
serbest su ylizeyinin yliksekligi de artmistir. Boylece dairesel silindirin GKT hareketi daha diizensiz bir
akis icinde gergeklesmistir. Sonug olarak Sekil 7'de gosterildigi lizere olusan salinim genlikleri de bosluk
orani ile birlikte azalmistir.
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Sekil 8. GKT silindirinin U*= 6 civarinda bes farkli bosluk oranina (h*=h/D) bagh olarak degisen iz
bolgesi.
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Ayni akis hizinda hesaplanan Froude sayilari, bosluk oranlarinin farkl olmasi nedeniyle her bir kosulda
derinliklere bagh olarak degisiklik gostermistir. Bosluk oraninin h*=3.5D oldugu 0.24m derinlikte
Fr=0.362 olan Froude sayisi degeri dairesel silindir serbest ylzeye yaklastikca artmistir. Chung
(2016)’da detaylica bahsedildigi Gzere serbest su ylzeyinin etkisi arttikca, baska bir deyisle Fr degeri
arttikca, dairesel silindirlerin GKT hareketi baskilanmaktadir. Benzer bir ¢calismada Reichl et al. (2005)
paralel bir ¢ikarimda bulunmus ve Fr degeri arttikca Ust sinir tabakada girdap kopma olasiliginin
azaldigini gostermistir. Mevcut calismanin sonuglari bitiin bu bulgular ve o6nceki bolimlerde
bahsedilen literatiirde GKT Uzerinde serbest su ylizeyi etkisini irdeleyen arastirma sonuglari ile
uyumludur. Deneysel ve sayisal sonuglarin serbest su ylzeyi etkisi altinda Urettigi genlik ve frekans
degerleri birbirini destekler nitelikte olup, olusan kiguk farklarin deneysel belirsizlikler ve sayisal
modellemenin eksiklerinden kaynaklandigi not edilmelidir.

5.3 Cikarimlar

Bu calismada, serbest su ylizeyine yakin sartlarda ve yiizeyden yeterince uzakta konumlandirilan akisa
dik eksende hareket etmesine izin verilen dairesel bir silindirin girdap kaynakli titresimleri
incelenmistir. Silindirin su yilzeyinden derinligine bagh olarak toplamda bes farkli kosulda
gerceklestirilen arastirma, deneysel ve sayisal olarak yiritlilmis olup asagidaki sonuglar elde
edilmistir:

- Serbest su ylizeyine yaklastikca salinim frekansi degerleri artmis olup, ylizeye teget ve en yakin
kosuldaki dairesel silindirin salinim frekansi sabit silindir etrafindaki girdap kopma frekansi olan
Strouhal frekansini gegcmistir.

- Serbest su ylzeyi varhgi ile silindir Gst sinir tabakasinda girdap olusumunu kismen ya da
tamamen engelleyerek dairesel silindir Gizerinde ve iz bolgesinde periyodik girdap olusumlarini
azaltmis ya da engellemistir. Bunun sonucunda ise serbest su ylizeyi etkisi arttikca daha disik
genlikli GKT hareketleri elde edilmistir.

- Bosluk orant h* = h/D = 1.5 daha bilylik oldugu durumdalarda serbest su ylizeyi etkisi h* = 0.5
ve h* = 0.0 seviyelerine kiyasla oldukga sénik kalmistir. Bu oran h* =1.5, h* =2.5ve h* =3.5
oldugunda iz bolgesinde rijit girdaplar gézlemlenmistir.

- Arastirmanin amacina uygun olarak Uretilen bulgular neticesinde, dairesel silindirin GKT
hareketine serbest ylizey etkisi Sekil 7’ deki genlik degerlerinden ve Sekil 8'deki iz bolgesinde
girdap olusumlarindaki farkliliklar ile kolayca ayirt edilebilmistir.

- GKT hareketinden yararlanan su pompasi, elektrik Gretimi saglamayi planlayan bir yontem icin
techizatin ¢ok derinde konumlandiriimasinin maliyeti artiracagi muhakkaktir. Calismanin
bulgularindan yola gikarak, serbest su yizeyi ile hareketli silindirin Gst noktasi arasi mesafe
sadece 2.5D kalacak durumda dahi genlik ve frekans bakimindan buyik farkliliklar olusmadigi
sonucuna varilmaktadir. Ote yandan, derinlige bagh degisen GKT performansi ve kurulum
maliyeti hesaplarinin bir optimizasyon problemi oldugu unutulmamalidir.

Kullanilan sayisal yaklasimin sonuglari ile ITU Ata Nutku Gemi Model Deney Laboratuvarinda yer alan
sirkiilasyon kanalinda yapilan deneysel c¢alismanin sonuglari birbiri ile uyumludur. Similasyonlar
sayesinde elde edilen iz bolgesindeki akis yapilarinin gelecek ¢alismalarda PIV gibi yontemler ile
deneysel olarak da gozlemlenebilmesi planlanmakta ve tavsiye edilmektedir.
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OzET

Sefer planlamasi sirasinda hem emniyetli hem de yakit tasarrufunun saglanmasi acgisindan en verimli
gemi rotalarinin belirlenmesi blylk 6nem tasimaktadir. Blylk daire seyri ve Hava durumu
yonlendirmesi, denizciler tarafindan okyanus gegisleri icin kullanilan en yaygin iki yontemdir. Bliyiik
daire seyri, uzun mesafelerde daha kisa rotalari takip ederek zamandan ve yakittan tasarruf etme
potansiyeliyle bilinir; ancak daha yliksek enlemlerde seyredilmesi nedeniyle gemileri olumsuz hava
kosullarina ve deniz durumlarina maruz birakabilir. Ote yandan, hava durumu yénlendirmesi,
potansiyel olarak daha uzun da olsa daha emniyetli rotalari belirlemek i¢in pilot haritalari ve
meteorolojik verileri entegre ederek sert hava kosullariyla iliskili riskleri en aza indirir. Bu ¢alisma, belirli
bir zaman diliminde batiya dogru Atlantik okyanusu seferi yapan handy-size bir tankerin rota
planlamasina odaklanmaktadir. Calismanin temel amaci bu iki ydntemin etkinligini degerlendirmektir.
Blyuk daire seyri rota bilesenleri kiiresel trigonometri denklemleri kullanilarak hesaplanirken, hava
durumu rota planlamasi pilot haritalari ve meteorolojik veriler kullanilarak belirlenmistir. Transas
Koprilsttu Similatoriinde (NTPRO 4000) cevresel kosullar olusturuldu ve test edildi. Sonuglar, Hava
durumu yonlendirmesi yonteminin GC'ye gore %21,3 daha ylksek enerji verimliligi sagladigini ortaya
koymaktadir. Bu arastirmadan elde edilen bilgiler, ticari gemilerin operasyonel verimliliginin ve
emniyet standartlarinin artirilmasina 6nemli 6lctide katkida bulunuyor.

Anahtar Kelimeler: Karbon ayakizi, blylk daire seyri, hava durumu yoénlendirmesi, sefer
optimizasyonu, denizcilikte enerji verimliligi, operasyonel eneriji verimliligi (EEOI)
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ABSTRACT

Determining the most efficient ship routes is crucial to ensuring both safety and fuel savings during
voyage planning. Great circle navigation and weather routing are the two most common methods used
by navigators for ocean crossings. Great circle navigation is renowned for its potential to save time and
fuel by following shorter routes over long distances; however, it may expose vessels to adverse
weather conditions and sea states owing to navigation at higher latitudes. However, weather routing
integrates pilot charts and meteorological data to identify safer routes, albeit potentially longer ones,
minimizing the risks associated with rough weather. This study focuses on route planning for a handy-
sized tanker that contracts a westbound Atlantic ocean voyage within a specific timeframe. The main
objective of this study is to evaluate the efficacy of these two methods. The great circle route
components were computed using spherical trigonometry equations, whereas weather routing
planning relied on pilot charts and meteorological data. The environmental conditions were simulated
and tested using a Transas Full Mission Simulator (NTPRO 4000). The results reveal that the WR method
provides 21.3% higher energy efficiency the GC. The insights derived from this study contribute
significantly to enhancing the operational efficiency and safety standards of commercial vessels.
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1. Introduction

In the modern world, ship navigation relies heavily on advanced technologies. In recent years,
improved communication capabilities, along with greater accessibility to trustworthy weather forecast
data, have resulted in safer and more effective ship voyage planning. However, navigational safety is
still strongly dependent on comprehensive voyage plans and a master's ability to make sound
judgments. According to the International Convention for the Safety of Life at Sea, before departing a
voyage, masters should ensure that every step of the voyage, from berth to berth, is planned using
updated nautical charts at a suitable scale and navigational publications. Furthermore, ocean passages
have special aspects of voyages that must be planned differently from restricted waters because of the
large distance between search and rescue units and the aim of energy efficiency.

Fuel-efficient planning of ship voyages within the maritime industry has become a crucial factor for
reducing the carbon footprint. In this regard, two approaches that ship masters might utilize when
planning an efficient ocean passage stand out: the Great Circle (GC) route and Weather routing (WR).
The GC Route aims to minimize fuel consumption by traversing shorter distances, whereas WR guides
ships to choose more efficient routes based on weather conditions, thereby lowering carbon
emissions. GC is one of the most commonly used methods for crossing the oceans (Wang et al., 2020).
The routes determined using equations or special charts created using gnomonic projection provide
the shortest routes between the two locations on Earth's surface (Bowditch, 1977). GC involves
calculating a vessel's course using trigonometric functions and axioms. Traditional methods use
spherical trigonometry, Haversine formulas, and the Napier Wheel (Tseng et al., 2013; Baric et al.,
2021). Additionally, recent studies have discovered methods derived from vector analysis and
calculations to determine the distance and courses of a GC (Hsu et al., 2017; Iphar & Jousselme, 2023;
Hsieh et al., 2023). Because GC routes evolve convexity towards the poles, increasing latitude increases
the probability of encountering bad weather. To avoid the risks posed by bad weather, safe route
options should be studied by evaluating up-to-date data using a WR approach. Ship WR focuses on
optimizing ship routes based on meteorological and oceanographic data. It aims to reduce fuel usage,
minimize cargo and hull damage, and enhance safety (Simonsen et al., 2015; Skoglund et al., 2015;
Perera & Soares, 2017; Chen et al., 2019) . Weather forecasting services for ship routing have become
critical to a variety of navigational and ocean engineering research issues. Various optimization
algorithms and weather forecasts are used in the routing process (Walther et al., 2016; Wang et al.,
2018; Zis et al., 2020; Kytariolou & Themelis, 2022; Zhao et al., 2022). The selection of the optimization
algorithm and input parameters is crucial for the effectiveness of the WR system. Numerous services
provide a diverse range of weather predictions, incorporating original and post-processed data from
numerous sources. These services differ in terms of update frequency, area coverage, geographical
resolution, investigated natural phenomena, and output file formats (Zyczkowski et al., 2019). Ship
meteorological navigation involves route planning before sailing and route correction during
navigation, based on real-time weather information. Kobayashi et al. (2015) proposed a weather-
routing optimization technology that reduces fuel consumption and EEOL.

This research compares the GC with WR methods for crossing the Atlantic Ocean: one employs shorter
routes in more challenging sea conditions, while the other uses longer routes in better sea conditions.
The comparison focused on three key performance criteria for optimization: CO2 emissions, arrival
time, and fuel economy. In doing so, it aims to contribute significantly to making more informed and
efficient decisions in reducing carbon footprints within the maritime industry. GC is one of the most
commonly used methods for crossing the oceans comparing the GC and WR methods have focused on
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the underwater hydrodynamics of ships by employing mathematical methods (Lin et al., 2013; Pennino
et al., 2020; Wang et al., 2020); however, little information is available on the factors influencing ship
speed, such as ocean mass currents, wind-driven surface currents, and wind resistance due to the
structure of the ship. Furthermore, while it is commonly recognized that data on the main engine
continuous rate and speed relations for various ship navigation situations are required for fuel
consumption and sailing time calculations, it has been discovered that this information is not provided
in adequate detail. Previous studies have utilized different equations to account for the impacts of the
sea and waves on average ship speeds. Unlike previous studies, in this study, all projected conditions,
such as auto pilot response and paddle effect for both navigation methods, were examined using the
Transas Full mission simulator (NTPRO 4000), and the average speed was determined. The remainder
of this paper is organized as follows: First, an overview of the methodology used for the comparison
described in this study is given in Section 2. The results and discussion will delve into key metrics, such
as fuel consumption, emissions levels, cost implications, and environmental sustainability aspects
associated with each routing method, which are presented and discussed in Section 3. In the last
section, the author presents his conclusions and suggestions for future studies.

2. Materials and Methods

The shortest distance between two locations on the globe is the GC arc connecting them; therefore,
the GC method is often preferred for ocean crossing. Because each longitude is a GC arc, the distance
between the rhumb line and the GC is minimal when navigating between the 000° and 180° routes.
The advantage was greatest when sailing near the east 90° and west 270° courses (Bowditch, 1977).
Various equations have been proposed to generate the GC equation (Miller, 1991; Earle, 2005; Earle,
2006). In the Northern Hemisphere, the arc between locations A and B creates a GC track (Figure 1).

Figure 1. GC elements in the Northern Hemisphere

The latitude of departure (LatA), latitude of destination (LatB), and the difference in longitude between
departure and destination (DlongAB) are all known. GC can be solved using spherical trigonometry
equations. If the departure and arrival latitudes are in the same hemisphere, the GC(dist) distance can
be determined as follows:

Cos dist = (SinLatA. SinLatB) + (CosLatA. CosLatB. CosDlongAB) (1)

where a represents the inner angle of the spherical triangle at the departure position.
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SinLatB— (SinLatA.Cosdist))
CosLatA.Sindist

o = Cos™I(

(2)

B represents the inner angle of the spherical triangle at the destination position.

_1 SinLatA—(SinLatB.Cosdist)
B = Cos™'( — )
CosLatB.Sindist

(3)

If the o and B angles have values of less than 90 °, the vertex location is determined between the
departure and destination positions. In this case, the latitude of the vertex (Latv) location was
calculated as follows:

Latv = Cos™*(CosA. Sina ) (4)

Dlongv refers to the difference between the longitudes of departure and vertex locations.

TanA

Dlongv = Cos‘l(TanB

) (5)

DlongVX is the difference between the vertex and waypoint longitude. The latitudes of the waypoint
positions are calculated as follows:

Latx; = Tan"1(CosDlongvx;.TanLatv ) (6)

The approach for comparing the GC with WR is explained in Table 1.

Table 1. GC and WR Comparison Algorithm

Step Steps of the scenario
1 Determination of ports for departure and arrival coordinates.
A ship model suitable for ocean passage was selected from a simulation database (NTPRO

2 4000).

3 Determination of the ocean passage date and time for collecting sea, weather, and current
data.

a Determination of GC and WR courses and calculation of distances using spherical
trigonometry equations.

5 Simulating ocean wind, current, and swell conditions in the ocean locations where the
computed routes pass.

6 The average speed data were collected by navigating the model ship routes through

simulated weather and water conditions.
7 Calculating arrival time and fuel consumption for both scenarios.
8 Comparison and analysis of results.

In this study, Lisbon was selected as the departure port and Norfolk as the destination port as shown
in Figure 2. The GC waypoint coordinates were calculated using spherical trigonometry equations by
selecting 5° longitudinal differences. The total distance was computed as 3070.31 nautical miles using
spherical trigonometry equations. GC arcs can be transferred as divided lines in Mercator projection
charts. The distance determined after converting the arcs to lines on the chart was 3082.30 nautical
miles. The calculated coordinates were plotted on a Mercator projection navigation chart and the
distances and courses between them were identified (Table 3). Tables 4 and 5 were created by
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collecting data on weather conditions and force in areas where the GC routes crossed the Routeing
Chart North Atlantic Ocean (Admiralty 5124) in November.

Figure 2. Great Circle and Weather Routing Courses (Note: This chart is plotted on Netpas Distance

- W B GO s T S S :
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Weather routing (3601 7 nm)
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Table 2 summarizes the characteristics of the ship selected from the NTPRO 4000 database that sailed
on both routes. The expression Maximum Continuous Power (MCR) refers to the power rating of the
sustained power output of the ship’s main engine. The environment setting window of the simulator
is shown in Figure 3. After generating the environmental variables in the simulator for each route, the
ship was left on autopilot control and sailed for 30 minto calculate the average speed.

R LR ek X Table 2. The ship model in simulation
Tirne: i_ \Weather type :Stmng Breeze (Force 6) v
Date [ jizcjnod | watercolor [horth ses v Particulars of the ship
Season
Sunrise:  05:34 Sunset: 17:53 Type Tanker
Loa [m] 242.8
Breadth [m] 32.2
Deadweight 59708
Full Load Displacement [t] 67850
| at water densitv 1.025 t/m3
Wwind speed: 25.0 knk Wave height: 3.5m Visihility: 10,000 nm Main Eng|ne Power (kW) 12000
Direct\?n - ) Precipitations
okl e pikad ol Ay A0k Daily Fuel oil consumption (FOC) [t] 29
[15ame direction Intensity
Eunde;torm el e Daily Diesel oil consumption (DOC) [t] 2
Enable nterval |5
b ] Shaw constellations

ostancemn [ | mex[ai g Laden Speed in knots ( 85 % MCR) 13.5

Sea

—111.5 knt z51.5°}

-~

Figure 4. Course and speed data

According to the meteorological data, a gale occurred in the GC route area, followed by November 3
and 15, 2017. A layer of water on the sea surface shifts owing to the wind blowing over it. This surface
layer is referred to as the Ekman layer, owing to the deflection generated by the Coriolis force. In the
Northern Hemisphere, the Ekman layer is deflected by 40 ° in the open sea and 20 ° to the starboard
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in coastal waters, instead of the direction of the wind. The drift of the wind-driven current is 2% of the
wind speed (Bowditch, 1977). Tables 3 and 4 illustrate the environmental conditions calculated from
meteorological data. After the environment was simulated, the average speed of the ship in each
course was determined (Figure 4).

Table 3. Environmental conditions along the GC route

Weather Ocean current Wind driven current Significant Wave

WP Direction/Beufort Set/Drift Set/Drift Height

(m)

Lisboa N/3 195/0.5 200/0.2 1.0

1 W/5 155/0.5 130/0.4 1.5

2 NW/5 130/0.4 175/0.4 2.0

3 NW/7 130/0.5 175/0.6 3.0

4 NW/8 140/0.4 175/0.8 4.0

5 NW/8 095/0.5 175/0.8 4.0

6 N/7 085/0.5 220/0.6 2.5

7 N/5 085/0.7 220/0.4 1.5

8 N/3 085/0.7 220/0.2 1.0

9 SW/3 090/0.7 085/0.2 0.5

10 SW/5 090/0.7 085/0.4 1.5

11 SW/6 090/0.7 085/0.5 1.5

12 SW/4 060/0.5 085/0.3 1.5

13 w/3 045/0.5 130/0.2 1.0

Norfolk NW/3 040/1.0 175/0.2 1.0

Table 4. Environmental conditions on WR route
Weather Ocean current Wind driven current Significant Wave
WP Direction/Beufort Set/Drift Set/Drift Height

(m)
Lisboa N/3 195/0.5 200/0.2 1.0
1 NE/4 215/0.5 265/0.3 1.5
2 E/3 240/0.4 310/0.2 1.0
3 E/3 280/0.5 310/0.2 1,0
4 NE/3 310/0.5 265/0.2 1.5
Norfolk NW/3 040/1.0 175/0.2 1.0

The Energy Efficiency Operational Indicator (EEOI) is a metric that evaluates the relationship between
the amount of cargo carried by a ship and the amount of fuel used to reduce emissions of greenhouse
gases(GHG). EEOI was calculated as follows:

%iCi

EEOL = 2iTiD;

(7)

C; is the carbon emissions from a voyage. C; was calculated by multiplying fuel consumption by the
carbon conversion factor. The computation should include both the fuel and diesel oil consumption
during the voyage. The conversion factors from fuel mass to CO, mass were 3.1144 for heavy fuel oil
and 3.2060 for diesel oil (IMO, 2009). The fuel consumption values of the ship model were calculated
using the daily consumption values of the main and auxiliary engines presented in Table 2. T;
represents the amount of cargo transported in metric tons on a specific Voyage and D; is the distance
sailed in nautical miles while loaded with cargo during a voyage. For both routes assumed that the ship
was laden with 58100 tons. After gathering data from the simulated scenarios, the Results and
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Discussion section evaluate the effectiveness of the GC Route and WR methods in reducing carbon
footprints. Statistical comparisons, such as fuel consumption rates, CO, emissions, and arrival times,
were conducted between the two scenarios. By critically examining the data and drawing comparisons,
this study aims to provide valuable insights into which routing method offers a more environmentally
friendly approach, ultimately contributing to ongoing efforts toward sustainable practices within the
maritime transportation industry.

3. Results and Discussion

This section provides a complete summary of the quantitative data obtained from the simulations and
the subsequent analysis. First, the coordinates of the waypoint positions for the GC, as well as the
routes and distances between these positions, were computed using spherical trigonometry equations
(Table 5). The steaming time was computed for each route based on the recorded average speeds. The
total fuel oil consumption and consumption figures were calculated for each route based on the
steaming periods (Tables 5 and 6). The average speed on the GC route was 10.42 knots, however, it
was recorded as 13.23 knots on the WR route. According to the data collected, the total steaming time
on the GC route was 12 days 7 h 42 min, whereas on the WR route it was 11 days 8 h 07 min.

Table 5. GC route computations

wpP Latitude Longitude Course Dtw Dtg Avspeed S.Time FOC
Lisboa 38°30.00° N 009° 35.0' W 288.37 246.14 3082.30 12.9 19.08 23.04
1 39°47.57' N 014°35.0' W 285.18 237.97 2836.16 12.1 19.66 23.74
2 40°49.88' N 019°35.0' W 281.48 231.48 2598.19 12.1 19.13 23.10
3 41°37.72'N 024°35.0' W 278.61 226.70 2366.71 10.2 22.22 26.84
4 42°11.67'N 029°35.0' W 275.27  223.37 2140.01 7.3 30.59 36.95
5 42°32.20°'N 034°35.0' W 271.90 221.89 1916.64 6.6 33.61 40.60
6 42°39.57'N 039°35.0' W 268.53 221.86 1694.75 8.6 25.79 31.15
7 42°33.87'N 044°35.0' W 265.16  223.11  1472.89 10.9 20.46 24.71
8 42°15.04' N 049°35.0' W 261.81 226.14 1249.78 12.2 18.53 22.38
9 41°42.83' N 054° 35.0' W 258.50 230.79 1023.64 12.4 18.61 22.48
10 40°56.80’ N 059°35.0' W 255.23  237.04 792.85 12.1 19.59 23.66
11 39°56.38' N 064° 35.0' W 252.04 244.99 555.81 11.3 21.68 26.18
12 38°40.81' N 069° 35.0' W 248.93  254.70 310.82 11.5 22.14 26.74
13 37°09.23’ N 074°35.0' W 248.32  56.12 0 12.2 4.6 5.55
Norfolk 36° 48.50' N 075° 40,00 W - - - - - -

Sum 10.42 295.69 357.12
WP: Waypoints, Dtg: Distance to go, Dtw: Distance to waypoint, S.Time: Steaming time in hours

Table 6. WR computations

wpP Latitude Longitude Course Dtw Dtg Avspeed S.Time FOC
Lisboa 38°30.00' N 009° 35.0' W 237.12  569.15 3601.70 13.4 42.47 51.30
1 33°21.00' N 019°23.0' W 253.84 560.38  3032.55 13.0 43.10 52.06
2 30°45.00" N 029° 55.0' W 268.54 939.36  2472.17 13.2 7116  85.96
3 30°21.00' N 048° 00.0' W 272.36  946.42 1532.81 13.6 69.58  84.05
4 31°00.00' N 066° 14.0' W 306.46  586.39 0 12.8 4581  55.33
Norfolk 36°48.50' N 075° 40,00 W - - - - - -

Sum 13.23 272.12 328.70

WP: Waypoints, Dtg: Distance to go, Dtw: Distance to waypoint, S.Time: Steaming time in hours

The arrival time on the WR route, which was 519.4 nautical miles longer than that on the GC route,
was calculated to be 23 h and 35 min shorter, respectively. When all FOC data were examined,
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consumption on the WR route was 28.42 tons lower. The EEOI values for both voyages are calculated

as follows:
EEOI (GC) = 2222232000 2108 - 665 gCO2/ t-nm
EEOI (WR) — 3.1144% 328.70 +3.2060%* 22.67 =523 gCOZ/ t-nm

58100%3601.7

Overall, these quantitative results provide a complete insight into the voyage performance parameters
connected with the GC and WR, shedding light on the differences in fuel consumption, steaming times,
average speeds, and EEOI. Kobayashi et al. (2015) et al. evaluated FOC and EEOI data on different
routes in a scenario they generated for a ship crossing the Pacific Ocean in both directions within a
specific time period. Mathematical models were used instead of a class-approved training simulator to
estimate ship-sea interactions on different routes. The results of this study, which do not include ocean
current and swell information, indicate that the optimized routes are more efficient than the GC route.
Pennino et al. (2020) discussed a new adaptive WR model based on the Dijkstra shortest-path
algorithm for optimum route assessment. Based on their findings, they concluded that the WR model
could lead to significant fuel savings.

4. Conclusion

A voyage optimization strategy based on simulation trials was developed and presented with the aim
of planning fuel-efficient voyages. The GC and WR route decisions for the west-bound Atlantic Ocean
passage were evaluated in all aspects, with the goal of minimizing EEOl and FOC using weather and sea
condition simulations. According to data based on GC and WR voyages, it was determined that the WR
route has 21.3% better EEOI than the GC route when comparing the calculated EEOI values. These
results indicate that the WR option in the winter Atlantic west-bound passage is more effective in
terms of energy efficiency than the GC route in terms of reducing the carbon footprint of marine
transportation. Voyage planning is a time-consuming procedure that involves collecting extensive
information, performing computations, and performing evaluations. Moreover, when deciding on a
voyage route, serious risks such as cargo damage, hull damage, and crew injury from adverse weather
conditions should also be considered. The main limitation of this study is that the voyage performance
data of a ship in certain weather conditions during a certain period in the Atlantic Ocean were analyzed.
The safest and most efficient routes for a ship's ocean passage can be discovered by testing various
routes at year-round time intervals. The approach presented in this work seeks to encourage mariner
trainers to investigate the links between various navigational methods and other fields of science.
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12th National Ship and Yacht Design Competition Concluded

The 12th National Ship and Yacht Design Competition which is organized every year by the Ship, Yacht
and Services Exporters Association (GYHIB) has concluded. University designers received their awards
at the award ceremony of the competition held this year with the theme "Catamaran Cruise Boat".
The project named "HOOPOE" by Yildiz Technical University and
ULUSAL Maltepe University students BORA KADIOGLU, MUHAMMET iNCi
%E‘.-";‘" sATlM and OMER OZCAN was deemed worthy of the first prize.
.%ggmﬁs Second place went to OGUZHAN SMART and BURAKCAN YELEK,
students of Istanbul Technical University and Maltepe University,
with their project named "ELITE".

Katamaran Yildiz Technical University students YASIN KARAKUS and HASAN
EROGLU earned third place with their project titled "ZADA".

Gezi Teknesi

Son Bagvuru

1 Agustos 2023
Among the winning designers in the competition, cash prizes of 120

thousand TL were given to the first place, 80 thousand TL to the
second place, and 60 thousand TL to the third place.

g e In the jury of the competition; A delegation of 9 professionals,

including Bilent Hiiseyinoglu, Prof. Oral Erdogan, Necdet Salgiir,
Prof. Mustafa insel, Elif Yildirnm Kapucu, H. Biilent Sener, Tanju Kalaycioglu, Yusuf Turhan Soyaslan
and Esra Ozalp, all are the members of TMMOB GMO, took part. The projects were evaluated
according to the criteria of innovation, contribution to the sector, applicability, domestic contribution
rate, environmentalism and quality of presentation. In National Ship and Yacht Design Competitions,
unlike other design competitions, there is a requirement for at least one Naval Architect and Marine
Engineering or Shipbuilding and Ocean Engineering student to take part in the team. Not only design
but also engineering calculations are required from the projects applying to the competition.

“Nearly 1000 students participated in the competition, which has been held for 12 years.”

In the opening speech of the award ceremony, President of Ship, Yacht and Services Exporters
Association Cem SEVEN stated that their goal with the competition is to instill innovation and design
culture in young people who are the future of the sector and to bring talented students to the sector,
and noted that nearly 1000 students have participated in the competition, which has been held for 12
years. Seven said, “Our workforce quality is our strongest field in international competition. Design is
an important concept that is one of the basic elements of the ship and yacht construction industry. With
the National Ship and Yacht Design Competitions we have organized every year since the establishment
of our Association, we bring together sustainability, innovation, engineering skills and aesthetic
elements and try to ensure that our competitors bring a new vision to themselves and our industry. We
aim to provide gains in both our workforce and design culture," he said. “By the end of the year, we will
be at the top of the sectors that increase exports the most in Tiirkiye.”

Association President Seven evaluated Tiirkiye’s ship and yacht exports and stated that GYHIB reached
the highest export amount since its establishment in 2010. Seven continued his words: “We have left
behind 1.5 billion Euros, which is our highest annual export amount since 2010, when the Ship Yacht
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and Services Exporters Association was established. By the end of the year, we will be at the top of the
sectors that increased exports the most in Turkey. We are extremely proud to be able to break new
records almost every year on behalf of our institution, which represents the export side of our industry
and operates to solve the problems of our exporting companies. “I would like to take this opportunity
to express my gratitude to all stakeholders of the ship and yacht building industry, who contributed to
these records, for participating and supporting every event within the scope of the export and
promotion vision we have put forward.”

At the end of the award ceremony, it was announced that the subject of the design competition to be
held in 2024 will be "Fishing Vessel Design".

12. Ulusal Gemi ve Yat Tasarim Yarismasi Tamamlandi

Gemi Yat ve Hizmetleri ihracatgilari Birligi'nin (GYHIB) her yil organize ettigi ve artik geleneksellesen
"12. Ulusal Gemi ve Yat Tasarim Yarismasi" sonuglandi. Bu sene “Katamaran Gezi Teknesi” konusu ile
diizenlenen yarismanin 6dil téreninde, Universiteli tasarimcilar 6dillerine kavustu. Yildiz Teknik
Universitesi ve Maltepe Universitesi dgrencilerinin “HOOPOE” isimli projesi, birincilik diliine layik
goruldu.

Gemi Yat ve Hizmetleri ihracatgilari Birligi'nin (GYHIB), Ticaret Bakanligi koordinasyonunda organize
ettigi ve artik geleneksel hale gelen “12. Ulusal Gemi ve Yat Tasarim Yarigmasi” sonugclandi. 2012
yilindan beri her yil dizenli olarak gerceklestirilen ve bu yil “Katamaran Gezi Teknesi” konusuyla
diizenlenen yarismanin final gecesinde farkli Gniversitelerden 23 6grenci 10 proje ile yaristi.

Yarismanin 8dil térenine, Tirkiye ihracatgilar Meclisi Baskani Mustafa Giiltepe, Kiyi Emniyeti Genel
Mudiiri Mustafa Bankaoglu, Tersaneler Genel Midiir Yardimcisi Taner Keskin, GYHIB Yonetim Kurulu
Baskani Cem Seven, Deniz Ticaret Odasi Baskan Vekili Recep Diizgit, IMEAK Deniz Ticaret Odasi (DTO)
Meclis Baskani Basaran Bayrak denizcilik sivil toplum kuruluslarinin baskanlari, ihracatgi birlikleri
baskanlari, sektor temsilcileri ile akademisyenler katildi.

“12 yildir yapilan yarismaya 1000'e yakin 6grenci katildi”

Odiil téreninin agilis konusmasinda Gemi, Yat ve Hizmetleri ihracatgilar Birligi Baskani Cem Seven,
yarisma ile hedeflerinin sektoriin gelecegi genglere inovasyon ve tasarim kiiltirini asilamak, yetenekli
ogrencileri sektére kazandirmak oldugunu belirterek, 12 yildir yapilan yarismaya 1000'e yakin
dgrencinin katildigini kaydetti. Seven, “is giicii kalitemiz bizim uluslararasi anlamda rekabette en giiglii
oldugumuz alan. Tasarim ise gemi ve yat insa sektoriiniin temel unsurlarinin basinda gelen 6nemli bir
kavram. Biz de Birligimizin kurulusundan itibaren her yil diizenledigimiz Ulusal Gemi ve Yat Tasarim
Yarismalari ile hem surduirilebilirlik, inovasyon, miihendislik becerisi ve estetik unsurlari bir araya
getiriyor hem de yarismacilarimizin kendilerine ve sektoriimiize yeni bir vizyon kazandirmalarini
saglamaya calisiyoruz. Hem is glicimize hem de tasarim kiltlrine dair kazanimlar saglamayi
hedefliyoruz” dedi.

“YIl sonu itibariyle Tirkiye'de ihracatini en ¢ok artiran sektorlerin basinda olacagiz”

Birlik Baskani Seven, Tirkiye'nin gemi ve yat ihracatini degerlendirerek, GYHIB'in kuruldugu 2010
yilindan bu yana en yiiksek ihracat tutarina ulastigini belirtti. Seven sozlerine soyle devam etti: “Gemi
Yat ve Hizmetleri ihracatcilar Birligi'nin kuruldugu 2010 yilindan bu yana en yiiksek yillik ihracat
tutarimiz olan 1 milyar 626 milyon dolari geride biraktik. Yil sonu itibariyle Tiirkiye'de ihracatini en ¢cok
artiran sektorlerin basinda olacagiz. Sektoriimiiziin ihracat ayagini temsil eden ve ihracatgl
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firmalarimizin sorunlarini ¢ézebilmek adina faaliyet gosteren kurumumuz adina hemen her yil yeni
rekorlara imza atabilmek bizi ziyadesiyle gururlandiriyor. Bu vesile ile bu rekorlara katki saglayan gemi
ve yat insa sektorliniin tiim paydaslarina da ortaya koydugumuz ihracat ve tanitim vizyonu dahilinde
her etkinligimize katilim sagladiklari ve destek olduklari igin tesekkirlerimi iletmek istiyorum”.

Odiil téreni biiyiik heyecana sahne oldu

Yarisma jlrisinin degerlendirmesi sonucu birincilige “HOOPOE” isimli projesi ile Yildiz Teknik
Universitesi ile Maltepe Universitesi ogrencileri BORA KADIOGLU, MUHAMMET iNCi VE OMER
OZCAN; ikincilige “ELITE” isimli projesi ile istanbul Teknik Universitesi ile Maltepe Universitesi
o6grencileri OGUZHAN AKILLI ve BURAKCAN YELEK; Uglnculige “ZADA” isimli projesi ile Yildiz Teknik
Universitesi 6grencileri YASIN KARAKUS iLE HASAN EROGLU layik goriildii.

Yarismada dereceye giren tasarimcilardan birinciye 120 bin TL, ikinciye 80 bin TL, t¢lincliye 60 bin TL
tutarinda para oddilleri verildi.

Yarismanin jirisinde; Biilent Hiiseyinoglu, Prof.Dr.Oral Erdogan, Necdet Salgiir, Prof.Dr.Mustafa insel,
Elif Yildinm Kapucu, H. Biilent Sener, Tanju Kalaycioglu, Yusuf Turhan Soyaslan ve Esra Ozalp'in
olusturdugu 9 kisilik bir heyet yer aldi. Projeler inovasyon, sektore katkisi, uygulanabilirlik, yerli katki
orani, cevrecilik ve sunumun kalitesi kriterlerine gore degerlendirildi. Ulusal Gemi ve Yat Tasarim
Yarismalari'nda diger tasarim yarismalarindan farkh olarak gruplarda en az 1 adet gemi insaati ve gemi
makineleri veya gemi deniz teknolojileri mihendisligi 6grencisi yer almasi sarti bulunuyor. Yarismaya
miuracaat eden projelerden yalnizca tasarim degil, mihendislik hesaplamalarinin yapilmasi da talep
ediliyor.

Source/Kaynak: https://gyhib.org/tr/basinda-12-ulusal-gemi-ve-yat-tasarim-yarismasi-odul-toreni
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P:2x 1000 He YOLCU KAPASITES! : B+4 ISIM ONERIS| : HOOPOE CATAMARAN

[V, 19 Kkn SEVK SISTEMI : HIBRIT SISTEM URETIMDE KULLANILAGAK MALZEMELER
[Vt 24 kn BATARYA GUCU © 2 X 144 KwH SALOMINYUM : KAYNAK

| YAKIT TANKI : 3705 L | ELEKTRIK MOTORU ! DANFOSS T 3000 - AHSAP | BIRLESTIME, MONTAJ

SUTANKI: 1560 L MAKINE MODELI : vOLVO 013-1P51350 |- KOMPOZIT: MONTAYS

1. First prize: HOOPOE

2. Designers of HOOPE: Bora Kadioglu, Muhammet inci and Omer Ozcan
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3. Second prize: ELITE

5. Third prize: ZADA

ASI-0177T

L L E VLY

e L GErG: we AT

ASARIM vaRisraz

Bixi

*

6. Designers of ZADA: Yasin Karakus and Hasan Eroglu

-122 -

Issue 225 | June 2024



ULUSAL GEMi VE YAT ;‘%'"_;_
TASARIM YARISMASI LT

~‘ A Gezi Teknesi
HOOPOE

HOE10862

Bora Kadioglu
~» Maltepe Universitesi
Muhammet Inci

Yildiz Teknik Universitesi

Omer Ozcan
Yildiz Teknik Universitesi

Tiirkiye

"\ T.C.TICARET oY
;) BAKANLIGI TIMEE

, W,,.ve 10C \EML_YAT VE HIZMETLERI

[HRACATGILARI BIRLIGI
fophe = ¢ talowa altinors

gm} i m@//; ] e

il TURKEH SHPOLDERS: ASSOCTON /4 /

gemiyattasarim.org

Gemi ve Deniz Teknolojisi -123- Issue 226 | June 2024



ULUSAL GEMi VE YAT W NN
Katamaran

TASARIMYARISMASI |/ GoxiTekoes
e

AsSI01777

Oguzhan Akilli

Istanbul Teknik Universitesi

Burakcan Yelek
Maltepe Universitesi

Tiirkiye

) s | EMI, YAT VE HIZMETLERI
L - X/mm\cmgmm BIRLIGI

Ay < o rd SEp:
R/ GISBIR o Sl S e ) _
s 74 Crgued gemiyattasarim.org
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( Please see the fulltext sent by the design team on page 133)
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( Please see the fulltext sent by the design team on page 139)
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( Please see the fulltext sent by the design team on page 143)
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( Please see the fulltext sent by the design team on page 148)
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( Please see the fulltext sent by the design team on page 151)
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The third-place project of the 12th National Ship and Yacht Design Competition is the ZADA project
designed by Yasin Karakus and Hasan Eroglu from Yildiz Technical University, Department of Naval
Architecture and Marine Engineering.

CONCEPT

-

AESTHETICS

ZERE
EMISSION

Concept Design

The 'Zada' project was designed in accordance with the concept of the 12th Ship and Yacht Design
Competition organized by the Turkish Ship and Yacht Exporters Association, which called for a
24- meter catamaran excursion boat.

In Turkish mythology, Zada is depicted as the god who rules over the winds and storms. He rides his
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horse above the winds and embarks on journeys. His horse is depicted as brown-colored with hawk
wings. This mythological motif forms the foundation of our concept. In the design process of the hull
form, inspiration was drawn from the aerodynamic structure of the hawk.

Design Features

This project embraces harnessing the power of nature while also committing to preserving it.
Therefore, its main principle is zero emissions. Consequently, the primary propulsion of the boat
consists of sails and lithium-ion batteries. In the design process, imaginary systems that stray from
feasibility were avoided to ensure manufacturability.

The main material of the boat is composite, with a preference for carbon fiber, and production will be
executed using the vacuum infusion technique to ensure durability. Hydrofoil technology has been
employed to reduce resistance, increase cruising speed, and extend the range.

Certification

Under the guidance of Turkish Lloyd regulations, boats under 24 meters obtain their qualifications by
adhering to ISO standards. As a result of this qualification, they receive the CE (European Conformity)
certification. There are various modules of the CE certification, which are categorized based on the
capacity and capabilities of the boat. These modules are labeled as A, B, C, and D. The table provided
byTurkish Lloyd, which explains these modules, is as follows:

Table 1. Modules of the Recreational Boats Regulations Prepared by Turk Loydu

Design Categories 2.5<Lh <12 (m) 12 < Lh <24 (m)
A Ocean
o Module A1, B+C, B+F, G
§ B Offshore
3 . - B+C, B+F, G
s Where compliance with te
T harmonized standards regarding
g C Coast article 3.2 of annex-1.A of the
2 0as 2013/53/EU regulation is ensured.
a Module A, A1, B+C, B+F, G
D Sheltered Water Module A, A1, B+C, B+F, G
Personal Watercraft A, A1, B+C, B+F, G
Ingredients B+C, B+F, G

The following regulations have been followed in the design and production of Zada. As a result of
adhering to these regulations, it falls into the category of Class A module, which allows for ocean
crossings. In this module, the boat is expected to withstand up to 8 Beaufort (40 knots of wind)
resistance.
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Table 2. 1SO regulations followed

Selection of materials used in body and construction

ISO 12215-1 /150 12215-2

Following hull manufactruing rules I1SO 12215-4
Calculating pressure and tension ISO 12215-5
Determination of main dimensions of ship ISO 8666
Operation of electric bilge pump I1SO 8849

Fire prevention instructions for boats of 15 m and above I1SO 9094 - 1SO 10133 - ISO 13297
Identity coding system I1SO 10087

Max. Load capacity I1SO 14946
Stability and Buoyancy classification I1SO 12217-2
Country unit and code ISO 3166

Man overboard and rescue situation instructions I1SO 15085:2003
Points of anchorage, connect to backup, mooring to buoy ISO 15084
Measuring sound emitted on pleasure boats ISO 14509

Development Process of the Hull
In the process of developing the form, adjustments were made using points in 3D CAD programs to
achieve the most optimal shape. Various types of forms were experimented with during these
adjustments. Attention was paid to ensuring the desired displacement, and each area could be
utilized without any technical area being lost. Resistance and power analyses were conducted on
semi- displacement, planing, and single-chined forms using Computational Fluid Dynamics (CFD)

applications.

Gemi ve Deniz Teknolojisi

Table 3. Main Dimensions and Features of the Boat

Loa 23.42m

B 135m

T 0.86 m
Mast Draft 30m

Sail Area 220 m?
Ver 16 knot
Vmax 36 knot
Range 2160 miles

Referral System

Hydrofoil Pod

Electric Motor

TM4 SUMO LD HV1200

Propeller Pod System

Material Composite/Carbon Fiber
Guest 8

Crew 2

Certification CE/A

Displacement 32.22t
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Lithium-ion batteries, known for their higher energy density compared to other battery groups and
their environmentally friendly nature, have been preferred. The carbon footprint of lithium-ion
batteries is significantly lower than other propulsion systems. A seawater cooling system will be used
as the cooling system. The closed-loop fresh water cooling circuit will be cooled by seawater
continuously circulating from outside. A total of 48 modules were used for one electric motor-battery
unit in a configuration of 8series and 6 parallel modules. A battery pack with a capacity of 500 kWh
was prepared for a total of 1 electric motor unit.

Figure 1 - ZADA Main System Diagram.

Sails were selected from the NACA series profiles. This choice was made because NACA profiles are
highly efficient and successful in directing flow. The wing selected as a sail is the NACA-0018 profile.

For foil selection, wings from the NACA series were examined. The lift coefficient (CL) required to lift the
boat from the water depends on the wing profiles, speeds, and angles. Graphs were used to determine
the angles at which the wing profiles should be for the same CL. Initially, it was understood that
symmetric wings were not suitable for the foil because higher angles were required for lift in symmetric
wings. Therefore, asymmetric wings were preferred. Among asymmetric wings, examinations were
conducted on NACA-63412, NACA-63145, and NACA-4412. It was found that the NACA-63412 profile
was more suitable for this purpose.

Electric marine vehicles with long range capabilities need to be able to charge themselves without
connecting to a port. This system, which will charge the boat's batteries as long as access to sunlight is
available, will efficiently utilize these energy sources provided by nature.

There is space available on the upper deck for flexible solar panels totaling 57.16 m?. Flexible black
monocrystalline panels have been integrated into the roof in a way that is integrated with the boat's
aesthetic structure without compromising its appearance. 38 panels are used, and it is calculated that
88.16 kW of energy will be gained after the most effective 8 hours of sunlight between 09:00 and 17:00.
The efficiency of the panel is in the range of 22-23%.
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Hydro-generators are a system installed to charge the battery while the boat is underway. When the
boat is sailing solely with sails, the rotation generated by sailing will enable the propeller to charge the
batteries. For this system, the one developed by Watt and Sea for integrated use with a shaft keel has
been utilized. This system, easily controlled from its screen, starts charging the battery by adjusting the
blade angles of the propeller when activated.

Range to Velocity Resistance to Velocity

Foil Off Foil On Foil Of

Direnc (kN)

10 15 20 25 10 20

Velocity (knot
Velocity (knot) ALY

Figure 2 - Range and Resistance graphs versus speed.

Figure 3 - Hydrofoil arrangements.
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Figure 4 - Rendered views.
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Introduction

The NOVA catamaran, with its 24-meter overall length, standsout as an innovative design with a
modern approach aimed at reflecting nature and harmoniously blending with its surroundings. The
word “NOVA”, meaning new, is embodied in the design of the yacht. Designed with organic forms and
natural colors, NOVA offers users an aesthetic and harmonious boating experience .

Additionally, the design focuses on minimizing environmental impacts by using sustainable energy and
materials. These features ensure that the NOVA catamaran provides users with an eco-friendly and
aesthetic maritime experience. The energy needs of the sailing NOVA catamaran are met through
sustainable energy sources such as solar panels and wind turbines, reducing dependence on fossil
fuels. This not only lowers operational costs but also aligns with the global shift towards renewable
energy. Furthermore, using recycled or renewable materials in the boat’s construction reduces waste
and utilizes natural resources as well. The aluminum selected for the hull and superstructure stands
out for its recyclability and lower impact compared to traditional materials. The material choice also
contributes to the boat’s longevity and ease of maintenance, ensuring it remains in top condition for
many years.

The primary aim of this design is to create an efficient yacht while interacting lightly with the
environment. The NOVA catamaran appeals to users seeking a high-quality experience by combining
comfort, sustainability, and timeless design. The spacious deck layout provides space for relaxation,
rest, and entertainment, while the latest technology enhances comfort and ease of use on board. High-
end amenities, such as luxurious cabins, modern navigation systems, and advanced safety features,
make every journey a pleasurable and secure adventure.

Combining the elegance of the design with a nature-friendly approach, ensures an unforgettable sea
journey without worrying about environmental impacts.

Principle Features

Loa= Lw.=24m Range: 300 nm at Vrria = 12 kn (Cruising speed)

B=113m Vservice = 10 kn

T=0.88m Range: 350 nm at Veconomic =7 kn

D=475t Prime mover: Hybrid, Torqgeedo Deep Blue 50i 2000/1200 rpm 80HP
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Interior - Main Saloon

The interior design of the NOVA catamaran aims to seamlessly blend with its natural surroundings by
incorporating light and natural colors. Featuring a palette of open and bright tones, the interior creates
a spacious atmosphere that enhances comfort and fosters a deep connection with the surrounding
environment. This approach meticulously integrates the organic forms of NOVA‘s exterior into its
interior, ensuring users experience consistency. Large windows are strategically placed to flood the
interior with natural light, effectively bringing the outside scenery inside and amplifying the sense of
being surrounded by natural beauty. This not only maximizes natural illumination but also enhances
the overall ambiance of the living spaces. Materials selected for interior furniture and details are
thoughtfully chosen, prioritizing recyclable and environmentally friendly options. This commitment
ensures that every aspect of the interior design contributes to a greener and more responsible
maritime experience. Overall, the interior design of the NOVA catamaran aims to create an inviting
atmosphere onboard. It provides users with a comfortable and high-end experience while integrating
seamlessly with the natural world.

Innovative Features

Solar Sails

Solar sails are an innovative and eco-friendly techno- logy that harnesses the power of sunlight. The
sails con- sist of lightweight and integrated flexible solar panels into the fabric of the sail, generating
electricity as they capture solar energy. The electricity produced can be used to power the boat's
electrical systems and reduce reliance on conventional fuel sources, promoting a gree- ner and more
sustainable sailing experience. Solar sails provide a clean energy solution and enhance the yacht’s
performance by reducing drag and improving efficiency. Embracing this cutting-edge technology
allows sailors to enjoy a harmonious coexistence with nature while contri- buting to a cleaner and
more environmentally responsible marine industry.

Solar Panels

Nova glides smoothly through the water, powered by ad- ditional solar panels that harness the energy
of the sun to generate electricity. These photovoltaic panels are environ- mentally friendly, converting
sunlight into clean, renewable energy that reduces the boat's reliance on traditional fuel sources and
minimizes its carbon footprint. The solar panels effectively charge batteries, providing power for
various onboard electrical systems, navigation instruments, lighting, and more. Their lightweight and
compact design allows for seamless installation on the deck or mast, maxi- mizing energy generation
potential without compromising the boat’s appearance or performance. By embracing solar
technology, sailors adopt a more sustainable approach to sailing, promoting eco-friendly practices in
the marine in- dustry and fostering a harmonious coexistence with nature.

Hydro Generators

Hydro generators, also known as water generators or hy- dro-turbines, are innovative devices used on
sailboats to generate electricity from the kinetic energy of water as the yacht moves through the
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waves. These eco-friendly gene- rators provide a sustainable energy solution, particularly during
extended sailing voyages or when at anchor, as they continuously produce electrical power from the
boat's motion. Hydro generators are designed to be compact, easy to install, and generate minimal
drag, making them suitable for sailboats. By harnessing the power of water, sailors can reduce their
reliance on traditional power sources, lower carbon emissions, and embrace a more environmentally
conscious approach to sailing. Embracing hydro genera- tors contributes to a greener and more self-
sufficient sailing experience, aligning with sustainable practices in the marine industry.

Wind Generators

Hydro generators, also known as water generators or hy- dro-turbines, are innovative devices used on
sailboats to generate electricity from the kinetic energy of water as the yacht moves through the
waves. These eco-friendly gene- rators provide a sustainable energy solution, particularly during
extended sailing voyages or when at anchor, as they continuously produce electrical power from the
boat's motion. Hydro generators are designed to be compact, easy to install, and generate minimal
drag, making them suitable for sailboats. By harnessing the power of water, sailors can reduce their
reliance on traditional power sources, lower carbon emissions, and embrace a more environmentally
conscious approach to sailing. Embracing hydro genera- tors contributes to a greener and more self-
sufficient sailing experience, aligning with sustainable practices in the marine industry.

Eco Teak

Eco Teak is a sustainable and eco-friendly alternative to traditional teak wood used in sailboats. It is
sourced from responsibly managed teak plantations or reclaimed teak, thereby reducing the impact
on natural forests. Eco Teak undergoes a chemical-free treatment process, ensuring it is free from
harmful substances and environmentally friend- ly. This eco-conscious teak option maintains the
aesthetic appeal and durability of traditional teak while promoting a more sustainable approach to
yacht construction. By choo- sing Eco Teak for the deck and interior of sailboats, sailors can enjoy a
beautiful and luxurious finish without compromising their commitment to environmental
conservation.

Antifouling

Antifouling coatings play a crucial role in protecting sea- farers from biofouling, preventing the growth
of algae, barnacles, and other marine organisms on the hull. These coatings create a smooth surface
that reduces drag, enhan- cing the yacht’s performance and fuel efficiency. Choosing eco-friendly
alternatives that are biocide-free and environ- mentally friendly is the preferred option over relying on
traditional antifouling products that may contain harmful chemicals. Bio-based antifouling solutions,
such as copper- free coatings or photocatalytic technologies, offer effective fouling protection without
harming marine ecosystems. Embracing eco-friendly antifouling practices is not only beneficial for the
environment but also ensures cleaner waters and a more sustainable sailing experience for all.

The electrical propulsion system on sailboats is an eco- friendly technology that replaces internal
combustion en- gines with electric motors. It utilizes electricity from re- newable sources such as solar
panels or hydro generators, thereby reducing reliance on fossil fuels and lowering car- bon emissions.
This system ensures quiet, smooth opera- tion and precise maneuverability, enhancing the sailing ex-
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perience. Regenerative braking optimizes energy efficiency by converting kinetic energy back into
electricity. By adop- ting electrical propulsion, sailboats contribute to cleaner and more sustainable
sailing practices, aligning with the sustainable practices in the marine industry.

Electrical Propulsion System

The electrical propulsion system on sailboats is an eco-friendly technology that replaces internal
combustion engines with electric motors. It utilizes electricity from renewable sources such as solar
panels or hydro generators, thereby reducing reliance on fossil fuels and lowering carbon emissions.
This system ensures quiet, smooth operation and precise maneuverability, enhancing the sailing
experience. Regenerative braking optimizes energy efficiency by converting kinetic energy back into
electricity. By adopting electrical propulsion, sailboats contribute to cleaner and more sustainable
sailing practices.
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1 - Exterior views.
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2 - Interior views.
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Our design takes advantage of the width of catamarans and their high stability characteristics to
maximize both comfort and green energy production. Featuring a total of 4 decks, including fly bridge,
is a rare feature for conventional boats under 24 meters. The high depth of our boat provides spacious
main and guest cabins not typically seen in conventional catamarans. The crew's cabins are also kept
on a separate deck. By chosing main production material as Marine Grade Aluminium, we took
advantage of light and strong hull.

Convenient for transatlantic voyages, our electric propulsion system-equipped catamaran integrates
solar panels, wind turbines, and hydro generators, resulting in a green power generation capacity of
up to 77 kWp and the ability to self-propel at speeds of up to 5 knots without running the generator.
With robust diesel generators and large tank capacities, it will continue uninterrupted voyages even in
adverse weather conditions.

‘v 73\

Malzeme ve Uretim Teknigi

Deniz Sinifi Cam: Montaj

AL 6082 Té Alagimi: Kaynak

Aliminyum Sandvig Kaplamalar: Montaj

LOA: 23.84m  Deplasman: 149 4ton Normal Seyir Hizi: 10 knot

B: 12,6 m Yolcu Kapasitesi: 10+4  Batarya Kapasitesi: 748,8 kwWh
D: 6,9m Sevk Sistemi: Elektrik Yegil Enerji Uretimi: 77 kwp
T:1.83m Motor Gucii: 2x150 kw  Limitsiz Seyir Hizi: 5 knot'a kadar

Cevreci
Gozamlerle Limitsiz
Seyir Imkani Sunan

Elektrikli
Ylksek Yogunluklu Kpuk Perde: Montaj Katamaran Yat

Figure 1 - Exterior view and specifications.

Gemi ve Deniz Teknolojisi -145- Issue 225 | June 2024



S — 78‘\

EMPRESS

GENEL YERLESIM

BMA26162

=)
EMPRESS

GENEL YERLESIM

Gemi ve Deniz Teknolojisi

BMA26162

—
EMPRESS

GENEL YERLESIM BMA26162

I

E

=)
EMPRESS

GENEL YERLESIM BMA26162

ENGINE ROOM

ENGINE ROOM

L=

2 - General arrangement plans.

- 146 -

Issue 225 | June 2024



(a) ~—
EMPRES

78\

vesiL ENERT URETIME /1

RUzgar Turbinleri
AUrUPO stanGMIanNGa teknoio)

L8N Ve bir Turk markasi olon <
Tumurly Technelogy Systems N

sirksiine ot WKW kadar giig
Gretim| sojlayan rizgér tirbineri

meveutur
Gines Panelleri
SunBeam System girketinin Grettigi Tough++
paneler ekatrem kogullara kars) dayaniki,
golge optimizasyonuna sanip. yan esnek.
en yUkseK verimi paneserden birl oima

BMA26162

‘Ez6mgini gosterir.

Hidrojeneratorier
Servepron2s model
hidrojenercta
piyasar st olup
Vgl e dretimi

indan katamaranimaa
[T p—

Katamaranimiz 10 knot temel seyir hizinda, tim gevreci teknoloji sistemiyle

77 Kwp'e ulasan yesil gig uretimi saglayacaktr,

_"'V 73\
© | emprESS

Guest Cabin

I TASARIM BMA26162

Gemi ve Deniz Teknolojisi

e ——

(b)

(d)

“"-.-’. 78\

EMPRESS

IC TASARIM BMA26162

Master Cabin

~— 7
EMPRESS

5 )

IC TASARIM BMA26162

L

el fef

Main Deck

Fly Deck

——

Figure 3 - a) Energy production; b), ¢) and d) Interior views.

-147-

Issue 225 | June 2024



ULUSAL GEMi VE YAT ;‘(t—
TASARIM YARISMASI Gort Tohatd
N

HERON

HRN37001
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Karadeniz Teknik Oniversitesi

B Cem Avci

HERON is a composite electric concept catamaran with modular hydrofoils. Thanks to hydrofoils, it
can reach speeds that require a lot of power for a standard 18 meter long yacht, but with lower
power. In addition to the efficiency they provide, hydrofoils also add an impressive visual
appearance to Heron when closed. This visuality forms a whole with Heron's sharp and aggressive
design lines.

In addition, it can meet this power at lower values by using sharrow propellers, which are more
efficient than normal propeller profiles, and thanks to the hydraulic pump-driven power
transmission system. This system works by rotating the propeller with high pressure hydraulic fluid
sent to the centrifugal system in the propeller, instead of connecting the propeller to the engine with
a shaft. Heron has a very environmentally friendly concept in line with all these developments.
However, if a propeller integrated into the standard hull was used when lifting the boat onto the
hydrofoils, the propellers would also remain out of the water. For this reason, the propellers are not
integrated into the hull, but into the system at the back, which has a hydrofoil wing and functions as
a rudder, so that the propellers do not lose their function when the boat lifts out of the water.

Since HERON is a catamaran, there was a lot of space to work with, so we tried to utilize them as
much as possible. The space between the Heron's hull was suitable for a hydraulic deck, which
enabled a 2-meter openable deck at the bow of the boat. Thanks to this deck, it provides an extra
deck area of 4 square meters and can also be accessed in cases where the wings prevent access from
the side and rear.

HERON is a comfortable catamaran having a large main deck lounge as well as a large aft deck
outside the 18 meter standard. A hydraulic deck in the middle of the aft deck was designed to
perform boat loading and unloading operations and to expand the deck area slightly by lifting it to
the main deck level.

This width of the rear deck and low board height offer a high level of comfort in fishing activities. The
front deck, which is at least as wide as the rear deck, can be used as a sunbathing area.

HERON also has an upper deck that can be accessed by climbing up from the main deck lounge. The
upper deck offers a very spacious area with 360 degree visibility and a glass ceiling.

In addition to the comfort provided by all exterior decks, it also offers comfort and luxury living
space inside with its large master cabin, guest cabin, kitchen and bathroom.

HERON is a highly technological electric catamaran with all its efficiency and comfort features. All the
controls that the captain will need have been integrated so that they can be controlled from the
large touch screen. Thus, confusion and difficulty of use in the control panel was prevented.
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Figure 1 - Exterior views.

Figure 2 - Principle deck view.
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Figure 3 - Upper deck and bridge views.

Figure 4 - Propeller arrangement. Figure 5 - Interior views.
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HYCata-HOPE (Powered by Hydrogen) is a zero-emission, environmentally friendly, zero-emission
cruising catamaran that uses Sodium Boron Hydride as fuel and promotes the use of renewable energy
sources. The Paris Agreement aims to mitigate climate change and its risks globally, and the maritime
sector is expected to contribute to this goal. The Paris Agreement directs companies to new
investments and research to reduce greenhouse gas emissions and reduce carbon emissions in order
to keep the increase in global average temperature below 2 degrees Celsius compared to pre-industrial
levels and to limit the increase to 1.5 degrees Celsius as much as possible. This catamaran has the
potential to reduce carbon emissions and their impacts. And in these times when green energy is on
the agenda, it could be a good alternative for companies.

Specifications

HYCata-Hope is a CE certified luxury cruising catamaran that complies with ILO, IMO, SOLAS,MARPOL
international rules and prioritizes energy efficiency and passenger comfort.

Length Overall: 21.57 m
Breadth moulded: 9.89 m
Depth: 5.487 m

Draught: 1.879 m
Displacement: 148.8 t
Cruising Speed:12 knot

Wetted Surface Area: 210.684 m?

Cs=0.578
Cw=0.829
Cr= 0.708

HYCata-Hope engine room consists of 2 decks and 1 bridge. The main deck consists of five cabins. There
is one master class, two A class and 2 crew cabins on the main deck. The second deck consists of the
galley and social living areas.
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Propulsion System and Components

Power supply - Hydrogen and solar panels: Using Hydrogen from Sodium Boron Hydride, a proton
exchange membrane (PEM) fuel cell generates 4080 kW of power in 12 hours. The solar panels installed
on HYCATA-Hope cover an area of 23 square meters. Each solar panel provides 440 W of power and
can generate 27.5 kW of energy per day. The energy from the solar panels will be used for the
equipment.

Fuel cell: PEM fuel cell was selected to use in HYCata-Hope. Two 130 kW PEM fuel cells were selected
per vessel, totaling 4 PEM fuel cells.

Battery System: For HYCata-Hope, there are two batteries on each boat and 4 batteries in total. Each
battery is selected to provide 125 kW/h of energy.

Electric motor : For the motor, a 4-pole electric motor producing 160 kW of power was selected.

HYCata-Hope is an innovative zero-emission catamaran powered by Sodium Boron Hydride. Its aim is
to reduce emissions, especially carbon emissions, and minimize the effects of global warming within
the framework of the Paris Climate Agreement.

Unlike conventional ships, it uses Sodium Boron Hydride as fuel. Sodium Boron Hydride is stored in a
tank on board. This ship converts the Hydrogen gas produced as a result of the reaction of Sodium
Boron Hydride with water into electrical energy with a fuel cell and provides propulsion by means of
an electric motor. After the reaction of Sodium Boron Hydride with water, Sodium Metaborate
(NaBO2) is produced as waste. This component is stored on board for the production of Sodium Boron
Hydride again. A Proton Exchange Membrane Fuel Cell was selected for the conversion of hydrogen to
electricity in the system. This fuel cell has a high power density.

It is intended to use waste wind turbine blades in the production of HYCata-Hope. The blades of large
modern wind turbines consist of 95% glass reinforced plastic material (Dan and Veigh, 2001). Glass
reinforced composite materials are preferred because they are lightweight, have high strength and
corrosion resistance, and are easy and economical to produce compared to other fiber reinforced
plastics. The lifetime of wind turbines is 20-30 years on average. It is estimated that waste wind turbine
blades constitute 10% of fiber reinforced composite material waste in Europe.

Mechanical grinding method will be used for the recycling of wind turbine blades made of glass
reinforced plastic material. Mechanical grinding is one of the effective methods that can be used for
the recycling of glass fiber reinforced wind turbine blades. This method aims to break the wind turbine
blades into small pieces and pulverize them. Other methods are pyrolysis, gasification and solvolysis,
which are more complex and costly processes. In addition, these processes have not yet reached
industrial solutions. Mechanical grinding is a more suitable and practical option. Glass fiber wind
turbine blades subjected to mechanical grinding can be pulverized and then prepared with epoxy, a
type of thermoset resin, and reused in composite boat construction. Thermosetting resins are used in
many areas such as automotive parts, aircraft components, shipbuilding, wind turbine blades,
composite structures and insulation materials. Epoxy is preferred as a resin because it has superior
mechanical properties and strength, is more waterproof than polyester, which is also a type of
thermoset resin, is less sensitive to temperature and humidity than polyester, and can be used even
at temperatures below zero degrees with special hardeners. In addition, suitable parts can be cut from
waste wings that have passed the preliminary examination and have sufficient strength and can be
used as structural elements such as curtains, beams, decks, etc. in boats.
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Innovative ideas include digital twin system, Gate Rudder, Power Management System, Battery
Management System, liquid glass application as underwater coating for ships, and utilization of waste
wind turbine blades.

Innovative Features

Recycling of Waste Wind Turbine Blades: Waste wind turbine blades will be used in the construction
of the ship. According to research, wind turbine blade waste is estimated to increase to approximately
2 million tons globally by 2050, and this problem reveals the importance of recycling waste wind
turbine blades. Thanks to this ship, waste turbine blades will be utilized.

Power Management System: Examination of resources, consumption analysis and energy stability an
automation system that performs activities and ensures the continuity of the electrical power system

Power Management System (PMS) will be used in HYCata-Hope for its benefits in energy efficiency and
battery management. PMS prevents unnecessary energy expenditures and optimizes energy according
to demand. It also balances loads, helping to use energy resources efficiently and prevent overloading.
PMS also enables remote monitoring and control of energy consumption. PMS for batteries prevents
overcharging and discharging and increases battery life. In short, PMS ensures the continuity, safety
and reliability of the electric power system.

Battery Management System: Battery Management System (BMS) will be used to secure and control
the battery used in HYCata-Hope. The BMS controls and manages the charging and discharging
processes of battery packs that are formed by connecting one or more batteries in series or parallel.
This system will measure various parameters such as voltage, current, temperature and keep the
battery within safe limits. At the same time, BMS can increase battery life and efficiency

Digital Twin: Digital Twin can predict problems, prevent failure, and plan the future by monitoring,
analyzing and simulating data. In this way, inspection costs can be reduced and inspection quality can
be increased. This system can be used in many areas such as capacity planning, efficient use and
optimization of resources, passenger comfort, fault prediction. Currently, digital twins are used as
design support in the maritime industry and are used for visualization, analysis and calculation, and
various improvements. HYCata-Hope will be equipped with sensors for the digital twin system, which
will perform functions such as passenger comfort, performance analysis, fault detection and
prevention.

Liquid Glass Application: Liquid glass forms a protective layer on surfaces, increasing the durability
and resistance of surfaces and providing surface protection and resistance to abrasion. When used in
contact with water, it prevents the accumulation of organisms and substances on the surface thanks
to its anti-fouling feature, thus reducing the friction of the ship under water. This can save fuel and
prevent corrosion. Liquid glass will be applied to the underwater section of HYCata-Hope.

Gate Rudder: HYCata-Hope is designed to provide additional thrust, increase maneuverability, energy
and An innovative rudder system "Gate Rudder™" is used to reduce fuel requirements. Gate rudder
provides up to 14% fuel savings. This value can increase up to 30% in extreme weather conditions. The
gate rudder can generate additional thrust with the twin rudder fans around it, giving the ship the
ability tolt can provide a great advantage over conventional rudder in port and pier maneuvers. This
reduces energy use, cavitation, vibration and underwater noiselevels, resulting in a better navigation.
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Specifications
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Figure 1. General Features and accomodation spaces of HYCata-Hope.
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Figure 2. Deck plans and accomodation spaces.
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Figure 3. Outside views.
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