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ARASTIRMA YAZILIM OPTIMIZASYON VE HIZMETLERI LTD. ST,

Stra Dusr Problemlerin Cozimii I¢in Sira Dust Yaklagimlar.

Bir ITU ARI Teknokent arastirma sirketi olan kurulusumuz, Gemi Insaat1, Gemi Makineleri ve
Deniz Teknolojileri alaminda ITU 6gretim iiyesi, laboratuar ve arastirma altyapisi ve
potansiyelini degerlendirerek, standart dizayn ¢alismalart yaninda sira disi problemlere sira dist
¢oziimler tiretmektedir.

Bu baglamda Tiirkiye'nin gelismekte olan faaliyet alanlarina alanlarimizdan bazilar asagidaki

gibidir:

Deniz Teknolojisi:

Yiizer ve sabit platformlar,

Biitiin yiizer deniz yapilarimin dizayni,

Deniz alt1 boru sistemlerinin analizleri,

Tek noktali veya ¢ok noktali gemi baglama sistemleri,
Yiizeriskele ve yiizer dalgakiran analizleri,

Yiizer evler ve yiizer fabrikalarin dizayn analizleri.

Ayrica her tip ve tonajda gemi icin:

VVVVVVVVVYVYVYVYVYY

Denizcilik hesaplari,

Hidrodinamik ve sevk degerlendirmeleri,

Lokal ve Global mukavemet hesaplari,

Form ve trim optimizasyonu,

Stabilite ve yaralanma hesaplart,

Her tiirlii denize indirme problemleri,

Giiriiltii ve titresim Sl¢iimleri,

Denizcilik ve manevra agisindan en uygun sevk sisteminin belirlenmesi
Gemi makineleri yatak ve titresim hesaplari,

Makine arizalarinin tespiti

Strain-Gage kullanarak gemilerde performans testleri
Gemi makineleri yatak ve titresim hesaplari,

Diger standart dizayn hesaplari

Korozyon degerlendirmeleri

Tiim soru ve sorunlarmizigin liitfen agagidaki iletigim adresini kullaniniz.

ARASTIRMA YAZILIM OPTIMIZASYON VE HIZMETLER] LIMITED SIRKETJ
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Tarihsel, kiltirel ve dogal degerlerin, kiyilarin, tarim
arazilerinin ve orman alanlarinin korunmasi, yapili
cevrenin saghkl ve kamu yararini dncelik alarak

gelistirilen politikalar gergevesinde uretilmesi;

DEVLETIN ANAYASAL
SORUMLULUGUDUR!

IZIN
VERECEK
MiYIiz?

TORBAYASALAR

HAYATIMIZI DEGiSTIRECEK

TBMM giindemine getirilen iki farkli torba yasa taslagi

ile; imar, yapilasma, meslek alanlari
ve galisma hayatinda 6nemli degisiklikler
getirilmektedir.

Toplamdayirmi dort farkli yasada degisiklik 5ngéren
taslaklar; tiim yurttaslarimizla birlikte mihendis, mimar
ve plancilarin yasamini olumsuz etkileyecektir.

Ekonomik sureklilik adina 6ncelikle insaat sektoriinde
duzenlemelerle rant saglamak istenmektedir. Calisma
hayatinda ongorilen degisikliklerle kosullari sermaye
yararina kdra donustiirmek amagh uygulamalarla kélelik
dizeni dayatiimaktadir.

is Saglig1 ve Guvenligi alaninda;

iscilerin galigma giivencelerinin
kaldirlarak, taseronlagmayi tesvik edecek;

Simdiye kadar yasal ytkumltltklerini yerine getirmeyerek binlerce
¢alisanin 6limUne neden olan, isverenlerin cezalarini affedecek,

isverenin galisanlari tazminatsiz isten
atmasini kolaylastiracak;

Santiye seflerine ve yapi denetim elemanlaria is glivenligi gérevi

vererek ingaat sektoriinde is glivenligi uzmani istihdamini ortadan
kaldiracak, mimar ve mithendisler agir sorumluluklar altina sokulacak;

is giivenligi uzmani mimar ve miihendislerin isverene karsi
bagimsiz olma ilkesini yok edecek;

diizenlemelere iZiN VERECEK MiYiz ?

Yapi Denetimi alaninda;
Bazi 6zel projelerin denetim kapsami disina gikaracak;

Yapi denetim kuruluslarinin yapisini degistirerek, yikim, riskli yapi
tespiti, her tirll proje, yapi denetimi ve hatta isveren adina is takibi
yapabilecek Teknik Miisavirlik Kuruluglarnyla meslek alaninda

tekellesme yaratacak;

Bu yolla haksiz rekabeti artirarak, kugiik ve orta élgekli mimarlik,
muhendislik kuruluslarinin yok olmasinin, tageronlasmasinin yolunu
acacak;

Mimar, miihendis ve plancilari glivencesiz ¢alisma kosullarina ve

igsizlige terk edecek;

diizenlemelere iZiN VERECEK MiYiz?

Yapilasma ve Meslek Haklari alaninda;

Mimarlarin, miihendislerin, plancilarin telif haklarinin
tamamen ortadan kaldiracak;

Miihendislik projeleri olmadan yapi ruhsati izenlenmesinin
onlind agacak;

Mimari proje ve diger mihendislik projeleri olmaksizin ve
ruhsat diizenlenmeden tadilat yapilabilmesinin, iskan
dlzenlenebilmesinin 6nlini agacak;



Gorevleri, mimar ve muhendislere yardimei olmak olan,
dogru istihdam politikalariyla proje ve yapim sireglerinde
mimar ve mihendislerin gozetiminde ¢alisacak tekniker ve

teknisyenlere, mimarlik mihendislik yetkisi taniyacak;

Bu yolla bir yandan sektore ucuz is glici saglayarak, tekniker
ve teknisyenlerin altindan kalkamayacaklari sorumluluklarla
adeta glinah kegisine cevrilmesine yol agacak;

Mimar, mihendis ve diger teknik elemanlarin
sorumluluklarini artirirken, yetkilerini budayacak buna karsilik

miuteahhitleri sorumluluktan kurtaracak;

Kiiglik ve orta olgekli miteahhitleri rekabet edemez duruma
getirecek;

Kamu adina Mesleki Denetimi kaldirarak yetkisiz ve sahte

unvan kullamminin éniind agacak;

diizenlemelere iZiN VERECEK MiYiz?

Tarihi, Dogal, Kiltlrel Cevreyi ve
Ozel Miilkiyetlerimizi ilgilendiren
alanlarda;

Tim tarihi, dogal cevreyi, sit alanlarini, kiyilar, ormanlari,
tarim alanlarini, meralar yapilagmaya agacak;

Sanal imar borsasi yaratip, re'sen tevhid gibi yontemlerle 6zel
milkiyetlerimize rizamiz olmaksizin el konulmasinin éniint

acacak;

Kamuya ait yesil alanlari, parklar, tim hizmet alanlarini ve
hatta mezarliklari bile 6zel isletmeye agarak anayasal haklari
gasp edecek;

Yargi kararlarini yok sayarak, Atattirk Orman Ciftligi, Tarihi
Yarimada gibi kamu arazileri, yesil alanlar lzerinde yapilan

kagak yapilar affedecek;

Yerel yonetim yetkilerini neredeyse tamamen merkezi
idareye aktararak, vatandaslarin oylarini ¢ope atacak;

diizenlemelere iZiN VERECEK MiYiz?

Torba Yasalarla altyapisi
hazirlanan yalana, talana, yikima,
yagmaya karsi;

Halkin, saglikli yasam cevrelerinde yasama hakkini;

yurttaslarin, nitelikli mimarlik, mihendislik, planlama
hizmetleri alma hakkini savunan;

Uyesi olan mimar, miihendis ve sehir plancisi meslek

mensuplarinin mesleki 6zliik haklari igin miicadele eden;

Uyelerinin yani sira tim galisanlarin giivenceli galisma haklari
i¢in caba sarf eden;

Kamu ve toplum yarari igin bilimsel galismalarini stirdiiren ve

kamuoyu ile paylasan;

TMMOB ve Bagli Meslek Odalarinin, 6zerk yapisinin
degistirilerek, susturulmasina ve hiikiimetin emri altina
sokulmasina;

iziN VERECEK MiYiz?
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Sevgili meslektagimiz,

Yeni bir saylile yine sizlerle bulustuk. Sayimiz yeni ancak maalesef degismeyen bir
giindemimiz var: Is Giivenligi. Ulkemizde is yeri kazalar1 hala canlara mal olarak
devam ediyor. Gegen sayimizda SOMA faciasina deginmistik, yeni sayimiz
¢ikmadan, yapilmakta olan bir insaatta kullanilan asansérde 10 emekg¢imiz
hayatin1 kaybetti. Bu probleme tekrar parmak basmak i¢cin makalelerimizden
birini bu konuya ayirdik.

44. Dénem yayin komisyonu olarak, dergimizi uluslararasi indekslerde taranan
dergiler sinifina sokmay1 hedefledik. Bu hedefimize ulasmak i¢in dergimizin iginde
zaman zaman Ingilizce makalelere yer verecegiz. Bunun ilk drnegini Ekim 2014
sayimizda, AB projesi olan TARGETS'da yapilan basarili ¢alismalar1 anlatan,

Gemilerde Enerji Tasarrufuna yogunlasan bir makale ile sizlere sunuyoruz

Gemilerde LNG'nin yakit olarak kullanilmasi konusundaki ¢aligma, yukarida
bahsedilen makale ile bir birlerini tamamlayan bir calisma olmustur. {s sektorinde
arka arkaya gelen kazalar nedeni ile yine is glivenligine parmak basma geregi
ortaya gikmistir. iki iiyemiz konu ile ilgili bilgi ve tecriibelerini igeren makalelerini

bizlerle paylagmistir.

Bir liyemiz tarafindan tasarlanan, seffaf ve katihmc bir oda y6netimini
hedefleyen, GMO YONSIS bilgisayar destekli yénetim caligmasini bu sayimizda
goruslerinize sunuyoruz. Sistemin bir an once kurularak, GMO nun tiim seffaligiile
liyeye acilmasi, buna paralel olarak da iiye desteginin artmasi en bilyiik arzu-

muzdur.

Gorlis yazilarimiz, sektoriimiiziin gelisme ve yayilmasina vesile olabilecek,

Akdeniz ve Ege’ deki tersane ihtiyaglarina vurgu yapmaktadir.

Cesitli sayilarimizda sizlere, gelin bagsar1 oykiilerinizi, sektorde yasadiginiz sorun
ve sikintilan paylagan yazilarinizi bize gonderin ve tyelerimize dergi aracihg ile
ulastiralim ¢agrilarinda bulunmustuk. Bu ¢agrimiza gelen yanitlardan biri olan bir

bagari oykiisiiniin anlatildig1 yaziy: sizlere sunuyoruz.

GEMI ve DENIZ TEKNOLOJISI, TMMOB Gemi Miihendisleri Odasi'nin 3 ayda bir yayinlanan, tyelerinin meslekle ilgili bilgilerini
geligtirmeyi, sosyal yasamlarini zenginlestirmeyi, ulusal ve askeri deniz teknolojisine katkida bulunmayi, ézellikle sektériin
iilke gikarlari yoniinde gelismesini, teknolojik yeniliklerin duyurulmasi ve sektériin yurtici haberlesmesinin saglanmasini
amaglayan yayin organidir. Basin Ahlak Yasasi'na ve Basin Konseyi ilkelerine kendiliginden uyar. GEMi ve DENIZ
TEKNOLOJISI'nde yayinlanan yazilardaki gériis ve diistinceler bunlarailiskin yasal sorumluluk yazara aittir. Bu konuda GEMi ve
DENIZ TEKNOLOJISI herhangi bir sorumluluk iistlenmez. Yayinlanmak tizere génderilen yazilar ve fotograflar, yayinlansin yada
yayinlanmasin iade edilmez. GEMI ve DENIZ TEKNOLOJISI'nde yayinlanan yazilardan, alan kaynak belirtmek kosulu ile tam ya
da ézetalintiyapilabilir.
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GEMILERDE ENERJI TASARRUFU POTANSIYEL
TEDBIRLERI : TARGETS

Avrupa Birligi ¢erceve programlari dolayisi ile gemi ingaati ve deniz teknolojisi
alaninda aragtirma ve gelistirme faaliyetlerini desteklemektedir. 2014-2022 yillar1
arasinda gerceklestirilecek olan Horizon 2020 4 ayri tematik konuda deniz
ulastirmasi konusunda arastirmalar1 destekliyecektir. Bu alanlar: strdiirilebilir
ulagtirma i¢in gevre duyarl-kaynak verimli ulagtirma; mobilite i¢in sikisikliklarin
giderilmesi, daha giivenli ve emniyetli ulastirma; Avrupanin kiiresel ulastirma
liderligi icin rekabet edebilirlik; ARGE bazli ulagim igin sosyo-ekonomik arastirma
ve politika olusturulmasi olarak verilmistir Bu programlarda yer alan ARGE
faaliyetlerinin daha iyi anlagilabilmesi igin ITU Gemi Insaat: ve Deniz Bilimleri
Fakiiltesi 6gretim tiyeleri tarafindan gergeklestirilen 8 AB 6. gergeve programive 7.
gergeve programi projesinden 4 adedi her bir dergide birer adet 6zet olarak

sunularak ulagilan teknoloji seviyesi sunulacaktir.

Anahtar Kelimeler: Enerji verimliligi, Enerji verimliligi dizayn indeksi, Direng,

Sevk, Dinamik enerji modellemesi.

SHIPBOARD ENERGY SAVING POTENTIALS : TARGETS

Shipboard energy efficiency has recently became the focus point of maritime
research and innovation due to IMO's targets on the shipboards emission
reduction to contribute international efforts for the green house gasses reduction.
Although NOx can be reduced by engine technology and exhaust treatment and SOx
can be reduced by fuel composition, there is no easy way to reduce CO2 emissions
rather than reduction of fuel consumption or use of alternative fuels. Considerable
time is required for the utilisation of alternative fuels, such as LNG, ethanol etc, due
to infrastructure developments, and reduction of fuel consumption has been
targeted by the maritime industry for along time. Hence improved or innovative
methods are required to reduce the fuel consumption to achieve energy efficiency.
An EUFP7 project TARGETS has been completed by an international consortium to
tackle the problem in a comprehensive energy modelling of the shipboard energy
production and consumers including the hull. This paper describes the outcomes
of the TARGETS project and presents the basics of dynamic energy modelling

concept.

Keywords: Energy Efficiency, EEDI, Energy Saving, Resistance, Propulsin modeling



1.INTRODUCTION

Energy efficiency and environmental consideration
are today's driving force for ship operators to reduce
costs and become greener. Economic pressure and
international legislation require a sensitive use of
energy resources and a reduction of the associated
emissions. Although shipping is the most environ-
mentally - efficient means of transportation (low
ratio of emitted gases over transport capacity), it
attracts attention as the vast majority of ships use
fuel of poor quality, a fact which in combination to the
increased shipping traffic due to emergence of new
economies in the international markets, is expected
to raise the contribution to GHG of shipping substan-

tially in the immediate future.

An EU framework programme 7 project, Targeted
Advanced research for Global Efficiency of Transpor-
tation Shipping (TARGETS-http://www.targets-
project.eu/), has been conducted by an international
consortium under coordination of HSVA (DE) and the
partners were University of Newcastle Upon Tyne
(UK), University of Strathclyde (UK), Maersk (DK),
Alpha Marine Services (GR), Center of Maritime
Technologies (DE), Istanbul Technical University
(TR), Technische Universitaet Hamburg-Harburg
(GE), Synthesis Marterra AE (GR), Safety at Sea Ltd
(UK), Shipbuilders and Shiprepairers Association
(UK).

The TARGETS project aims to provide substantial
improvements to ship energy efficiency by adopting a
holistic approach to optimise energy generation,
transmission, consumption and operational
management with a focus on life-cycle issues. To
achieve the goal of a ship optimised for energy
consumption the TARGETS project takes a complete

view at the causes of energy consumption during ship

operation and identifies Energy Saving Potentials

(ESP).In doingso, the projectaddresses:

e The most important hydrodynamic causes for
energy consumption, i.e. ship resistance and

propulsion;

¢ Promising technologies for auxiliary energy

generation;

« The management of energy consumption on board

aship;

* The integration of technologies to assess energy
consumption into a holistic management & simu-
lation system which in turn will be used to optimise

and thus reduce energy consumption.

The development methodology integrates compo-
nent - based knowledge of resistance and propulsion
at system-based level. The approach is expected to
deliver significant improvements to the energy
efficiency of ships that can be obtained when
applying advanced design-and operational
management techniques based on a Dynamic Energy

Model (DEM).

The tools developed will be applied in both, ship
design and operation and thus provide a basis to
analyse the energy performance of a vessel over the

entire life-cycle.

To address the challenging work plan, the TARGETS
project consists of 6 technical workpackages

dedicated to the developmentand analysis of:

1. Resistance improvement technologies,
2.Improved auxiliary on-board energy generation
3.Propulsion Improvement Technologies
4.0peration & Scenarios

5.Integration & Simulation

6.Benchmarking
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The work plan is further supplemented by two work
packages dealing with management and dissemina-

tion activities.
2.ENERGY SAVING POTENTIALS - ESPS

Energy savings can be achieved in a multitude of
ways. These range from minimising energy required
to overcome the resistance of a ship hull via the
minimisation of propulsion losses to waste heat
recovery: there are many ways to increase the
efficiency of a vessel without compromising its

operation.

However not all means are suitable for every vessel
and thus a systematic study is needed in a case by
case basis in order to find the best solutions. Some
energy saving potentials will have better results in
container vessels while others are more suited to
fullervessels like bulk carriers and tankers. TARGETS
has investigated a large number of energy saving
potentials and categorised the different identified
ESPs with respect to their suitability for various

applications and effect.
2.1 RESISTANCE IMPROVEMENT TECHNOLOGIES

Ship resistance is comprised from different
components: (i) the pressure or form related wave
resistance, (ii) the viscous drag, and (iii) the added
resistance due to wind and waves. These are typically
responsible for up to 70% of the power required on
board a merchant vessel. Due to the different causes
of the resistance components, either related to (hull)
pressure or (surface) friction, they need to be
considered at different stages of the vessel's life cycle.
Pressure related components depending on the
hullform are a design feature while viscous
resistance largely hinges on the surface quality,

which is initially determined by production quality

and the hull coating and maintenance. Especially the
latter is clearly related to the operational stage of the
vessel. The same holds for added resistance due to
wind and waves which can be influenced through
weather routing. Figure 1 indicates the decompo-
sition of ship resistance which is used in TARGETS to

integrate this partinto the overall DEM.

Fig. 1 "Decomposition of ship resistance"

The project addressed tool improvements as well as
applications. For form related resistance, computa-
tional speed is an important factor determining the
efficiency of - RANS based - optimisation processes.
In TARGETS significant speed ups could be achieved
for volume of fluid based free surface computations
through pre-conditioning and algorithmic improve-
ments. These were applied in different optimisation
exercises, e.g. for the retro-fit of a new bulbous bow
for a container vessel which is supposed to operate at
lower speeds than initially designed. The following
figure indicates the effect of a new bulb compared

with the original shape design for higher speeds.

Additional work has been performed to assess the
effect of appendages such as bilge keels or thruster
openings on cargo vessels. All these contribute to the
overall energy consumption which can be modelled

inthe DEM.



Fig. 2 "Bulb optimisation for 'slow steaming'
conditions"

The second large resistance component is due to
viscous forces which depend on two main parame-
ters, the viscosity of the fluid and the surface quality.
While the physical properties of the fluid - water -
can hardly be influenced from the outside the second
parameter, i.e. the quality or smoothness of the
surface can be controlled technically. To assess the
potential of modern coatings extensive tank tests
have been run to measure the losses associated with
surface deterioration and fouling. The experiments
indicate the large variation of frictional resistance
(cF) Depending on the surface condition, significant
increases up to 50% have been found for (heavy)
calcareous foulings. These findings have been
implemented in a scaling procedure which allows to
determine the effect of surface deterioration at full

scale during operation.

In addition to the experiments, new CFD models have
been developed to simulate the effect of surface
roughness. These have been implemented in RANS
codes (FreSCo+) which are now capable to predict
the effect of additional surface roughness on the

resistance.

Another widely discussed option to reduce friction
forces on a ship hull is air lubrication. Different
techniques such as micro bubbles, air film or air

cavity have emerged in recent years. With full scale

Fig. 3 "Surface friction on a bulk carrier hull for
different hull roughness parameters- kS"
validation still being an issue, the TARGETS
consortium worked on an assessment of these
techniques by numerical simulations and generated
a database of - proven - application types and
potential resistance gains. A number of different ship
types ranging from slender RoRo vessels to very full
tanker forms have been investigated in the project.
The results obtained indicate, not unexpectedly, that
the effect and net gain of the air lubrication varies
strongly with hull form. While full ships such as
bulkers or tankers show significant benefits, the net
gain obtained on slender hullforms is negligible. Fig.
4 shows CFD results obtained for a single chamber air

cavity used on a tanker hull.

With different physical laws ruling individual aspects
of ship resistance, e.g. gravity and viscosity of the

fluid, there is no single means to predict operational

Fig. 4 "CFD simulation of a single chamber air
cavity for a tanker"
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ship resistance as a total. Although modern state-of-
the-art RANS codes offer the potential to compute the
total resistance of a ship, this is typically limited to
clearly defined, standard conditions, e.g. a new vessel
during trial conditions. Further factors imposed
during operation over the life cycle of a vessel include
hull fouling, added resistance in a seaway, etc., still
need to be superimposed, often on the basis of
empirical methods. To improve the situation,
TARGETS developed a number of new tools to
provide better input to the overall prediction of

hydrodynamic forces for a ship in operation.
2.2 PROPULSION IMPROVEMENT TECHNOLOGIES

Ship propulsion is equally contributing to hydro-
dynamic efficiency and hence determines energy
efficiency of operation. Increasing propulsive
efficiency consequently is high up on the TARGETS
development agenda. Research included improve-
ment of propeller efficiency as well as propeller-hull
interaction using conventional and unconventional

means of Propulsion Improvement Devices (PIDs).

In a first step, TARGETS developed a focused, high
performance standard propeller series for initial
design, based on an existing established propeller
series data, one being the well-known Meridian
Series, the second one being based on an upgraded
(in terms of profile sections) version of the initial
Wageningen B-Series. These were expanded in terms
of number of blades, blade area ratios and pitch ratios
as well as modern blade outlines (skew) and profile
sections to form the Upgraded Meridian Series, a
modern high performance propeller series. This
extension was based entirely on CFD predictions
rather than traditional model tests. Typical open
water performance data and the cavitation pattern of

a six-bladed propeller during tests in the cavitation

tunnel are shown in Figure 5.

Fig. 5 "Meridian propeller series performance data
(KT, 10KQ, no), for varying Pitch / Diameter ratio and

cavitation pattern in tunnel test"

An Artificial Neural Networks (ANN) has been
developed for the calculation of KT and KQ
coefficients. This yielded a reliable and user-friendly
format for design and analysis purposes, which can

bereadily integrated into the DEM.

Fig. 6 "ANN analysis and resulting open water diagram

for extended propeller series"

While the propeller itself is the core element
determining hydrodynamic efficiency of the
propulsion train, the interaction between hull and
propeller offers another potential for energy savings.
TARGETS has thus investigated a number of Energy
Saving Devices (ESDs) including pre- and post-swirl
devices to complement members of the propeller
series data. Typical examples of these ESDs - shown
in the following figure - have been investigated using
state-of-the-art design and analysis tools, and an
optimisation has been performed for the selected
general test case in the project, the capesize bulk

carrier <Star Aurora>.



Fig. 7 "Typical Energy Saving Devices used in TARGETS"

Besides well-known ESDs such as pre- or post-swirl
stators a new concept for an ESD has been addressed
in form of the BLAD - Boundary Layer Alignment
Device. This novel hull appendage is meant to work
further upstream of the propeller and deflect outer
streamlines into the propeller plane, thus reducing
the typical axial flow deficiency in the 12 o'clock
position of the propeller and harmonising the inflow
condition. Using an asymmetric arrangement on
port- and starboard side further creates a swirl
against the propeller rotation to generate extra
thrust. This approach allows for a more drastic
change of the propeller inflow and larger gains in
energy savings, especially when combined with an

adapted propeller design.

The BLAD has been developed and tested for the
Capesize bulk carrier <Star Aurora> applying a
dedicated CFD analysis using FreSCo+ to determine
the local flow field upstream of the propeller. The
specific shape of the wing profile sections used was
adapted to the main flow direction as to maximise the
momentum flux through the device. The final design
is shown in the following figure. Together with an
adapted propeller this yields a reduction of more

than 7.5% of PD at the design point.

Similar to ship hulls, propeller performance will be

affected by surface quality. Deterioration in form of

Fig. 8 "BLAD design for <Star Aurora>"

roughness or fouling will increase losses in propeller
efficiency due to increased friction. Hence propeller
cleaning is an appropriate means to improve the
performance of a ship in service. A new prediction
algorithm based on Schulz's method was developed
in TARGETS to quantify these losses and hence allow
to assess the evolution of propeller performance over
time during operation. The method includes an
established relationship between the drag and
roughness of selected commercial coatings (soft and
hard) using experimentally established data from
representative coated flat surfaces. The algorithm

hasbeen builtin anin-house propeller analysis code

2.3 IMPROVED AUXILIARY ON-BOARD ENERGY
GENERATION

Improving the Energy efficiency of ships while at the
same time reducing Green House Gas emissions is
typically associated with the use of alternative fuels.
TARGETS explored the usage of environmentally-
friendly fuels and alternative energy sources as well
asthe integration of energy storage in an efficientand

flexible way.

One prominent technology offering a significantly
improved environmental impact are fuel cells. They
are believed to offer a large potential for change of

existing energy supply structures. Thanks to
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