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LiSANSUSTU DERS KATALOG FORMU
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Dersin Ad1

Course Name

Gemi Hidrodinamiginde Simir Elemanlar1 Yoéntemleri

Boundary Element Methods in Ship Hydrodynamics

Ders Seviyesi
Kodu Yariyil Kredisi AKTS Kredisi (Course Level)
(Code) (Semester) (Local Credits) (ECTS Credits)
GEMS517E Giiz 3 7.5 Yiiksek Lisans
(Fall (Graduate)

Lisansiistii Program
(Graduate Program)

Gemi Insaat: ve Gemi Makinalari Miihendisligi / Gemi Insaati ve Gemi Makinalari Miihendisligi
Naval Architecture and Marine Engineering / Naval Architecture and Marine Engineering

Dersin Tiirii
(Course Type)

Ingilizce
(English)

Dersin Dili
(Course Language)

Se¢meli
(Elective)

Dersin f¢erigi
(Course Description)

30-60 kelime arasi

Sinir elemanlarina giris, avantaj ve dezavantajlari, akiskanlar mekanigi temellerinin gézden gegirilmesi,
akigkanlarda sinir elemanlart yontemlerinin formiilasyonu, Green teoremi ve Ozdesligi, Neumann ve
Dirichlet sinir kosullari, hiz ve potansiyel formiilasyonlari, girdap-duble denkligi, panellere ayriklagtirma,
sinirlarda tekillik dagilimi, Galerkin-kollokasyonu, sinirda siireksizlikler, hidrofoil izler kenari, Kutta sart:
uygulamalari, hata analizi, serbest yiizeyler, kavitasyon, iz biiziilmesi, Sayisal stabilite, daimi ve lineer
olmayan akim uygulamalari, Sonlu eleman, sonlu hacim yontemleriyle iligkisi ve uygulama teknikleri.

Introduction to boundary element methods, their advantages and disadvantages, review of fundamentals of
fluid mechanics, formulation of boundary element methods for fluids, Green's theorem and Green's identity,
Neumann and Dirichlet boundary conditions, velocity vs. potential formulations, equivalence of the dipole
and vorticity distributions, discretization of boundary into panels, approximation of singularity distributions
on the boundary, Galerkin vs. collocation approach, boundary shape discontinuities, hydrofoil trailing edge
application of Kutta condition, error analysis, free-surfaces, cavities, vortex roll-up, numerical stability,
Unsteady and nonlinear flow problems, Coupling with FEM and CFD techniques.

Dersin Amaci
(Course Objectives)

Maddeler halinde 2-5 adet

1-) Akiskanlar mekaniginde uygulanan smir elemanlar1 yontemlerinin anlagilmasi ve smiflandirilmasinin
yapilmast,

2-) Gemi hidrodinamigi problemlerinin ¢dziimiinde kullanilan sinir elemanlar1 yontemlerinin matematiksel
ve sayisal formiilasyonlarmin gelistirilmesi,

3-) Sinir elemanlar1 yontemlerinin gemi hidrodinamigi alaninda degisik uygulamalarinin yapilmast.

1-) Understanding and classification of boundary element methods in fluid mechanics,

2-) Developing of mathematical formulation and numerical implementation of boundary element methods
in ship hydrodynamics,

3-) Carrying out different applications of boundary element methods in ship hydrodynamics.

Dersin Ogrenme
Ciktilan

(Course Learning
Outcomes)

Maddeler halinde 4-9 adet

Bu dersi bagariyla tamamlayan yiiksek lisans/doktora dgrencileri asagidaki konularda bilgi, beceri ve
yetkinlik kazanirlar;
1-) Akigkanlar mekanigi problemlerinin ¢oziimiinde kullamlan sinir elemanlar1 yontemlerinin sistematik
olarak inceleme bilgisini,
2-) Gemi hidrodinamiginde uygulanan sinir elemanlar1 yontemlerinin matematik ve sayisal formiilasyonu
bilgi ve yetkinligini,
3-) Gemi hidrodinamigi problemlerinin ¢6ziimiinde kullanilan sinir elemanlari yontemlerinin degisik
uygulamalarinin bilgi ve beceresini,
4-) Sayisal stabilite ve hata analizi konularinda bilgisini,
5-) Sonlu eleman ve sonlu hacim gibi yontemlerle beraber uygulama teknikleri 6n bilgisini kazamrlar .

M.Sc./Ph.D. students who successfully pass this course gain knowledge, skill and competency in the
following subjects;
1-) The knowledge of systematic investigation of boundary element methods in fluid mechanics,
2-) The knowledge and competency of mathematical and numerical formulation of boundary element
methods in ship hydrodynamics,
3-) The knowledge and skill of different applications of boundary element methods in ship hydrodynamics,
4-) The knowledge of numerical stability and error analysis,
5-) Coupling with FEM and CFD techniques.




Ders Kitabi
(TextBook)

1-) Wrobel, L.C., Aliabadi M.H.; The Boundary Element Methods, JohnWiley, 2002.

Diger Kaynaklar
(Other References)

En énemli 5 adedini belirtiniz

ITU LISANSUSTU TEZ YAZIM KILAVUZUNA GORE YAZILACAKTIR

1-) Brebbia, C.A., Dominguez, J.; Boundary Elements - An Introductory Course, 1991.

2-) Aliabadi, M.H..; Boundary Element Methods in Engineering and Sciences, Imperial
College Press, 2010.

3-) Faltinsen, O.M.; Hydrodynamics of High-Speed Marine Vehicles, Cambridge University
Press, 2005.

4-) Newman, J.N.; Marine Hydrodynamics, MIT Press, 1977.

5-) Langer, U., Schanz, M.,Steinbach, O., Wendland, W.L.; Fast Boundary Element Methods in
Engineering and Industrial Applications, Springer, 2012.

Odevler ve Projeler

(Homework & Projects)

BES ADET EV ODEVi VE BIR ADET DONEM ICI PROJE CALISMASI
VERILECEKTIR

FIVE HOMEWORKS AND ONE MID-TERM PROJECT WILL BE
ASSIGNED.

Laboratuar Uygulamalar:

(Laboratory Work)

YOK

NONE

Bilgisayar Kullamm

(Computer Use)

ODEVLERDE VE PROJE CALISMASINDA FORTRAN, MATLAB,
MATHEMATICA VE BENZERI PROGRAMLARIN KULLANIMI TESVIK
EDILIR.

THE USAGE OF FORTRAN, MATLAB, MATHEMATICA OR SIMILAR
SOFTWARE IN HOMEWORKS AND PROJECT STUDY IS ENCOURAGED.

Diger Uygulamalar

(Other Activities)

YOK

NONE

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Adedi*
(Quantity)

Faaliyetler
(Activities)

Degerlendirmedeki Katkisi, %
(Effects on Grading, %)

Y1l i¢i Sinavlan
(Midterm Exams)

Kisa Sinavlar

(Quizzes)

Odevler 5 %25
(Homework)

Projeler
(Projects)

Dénem Odevi/Projesi 1 %25
(Term Paper/Project)

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Smaw1 1 %0650
(Final Exam)

*Yukarida Belirtilen Sayilar Minimum Olup Yerine Getirilmesi Zorunludur.




DERS PLANI

Dersin
Hafta Konular Ciktilari
1 Sinir elemanlarina giris 1
2 Akigkanlar mekanigi temel bilgilerinin gozden gegirilmesi 1
3 Akigkanlar mekanigi problemlerinin sinir elemanlar1 yontemleri ile formiilasyonu (Green teoremi, 1,2
Neumann, Dirichlet sinir kogullari, hiz-potansiyel formiilasyonlart)
4 Sayisal islemler (Sinirlarin panellere ayriklastirilmasi, tekillik dagilimlari, Galerkin-kolokasyon yontemleri) 1,2
5 Diisiik mertebe, yiiksek mertebe formiilasyonlar, Sinirlardaki siireksizlikler (koseler), hidrofoil Kutta sarrti 1,2,3
6 iki boyutlu Kkaldiric1 yiizeylerin formiilasyonu ve ¢dziim teknikleri 2,3
7 Kavitasyon modellemesi, dinamik sinir sartlari, Siiperkavitasyon 2,3
8 Uc boyutlu kaldiric1 yiizeylerin formiilasyonu ve ¢oziim teknikleri, u¢ girdab1 ve ug girdabi kavitasyonu, 2,3
lineer ve lineer olmayan yaklagimlar
9 Daimi olmayan problemler, girdab taginimi 2,3
10 Serbest yiizey problemleri, sayisal stabilite, sayisal hata analizi, iteratif teknikler 2,3,4
11 Serbest su yiizeyi ve Kavitasyon (siiperkavitasyon) arasindaki iliski, Sayisal gekme tanki modelleri 3,4
12 Gemi pervanelerinin smir elemanlar1 yontemleri ile modellenmesi ve sayisal ¢6ziim teknikleri 3,4
13 Sinir tabaka yaklasimi ve viskoz/potansiyel akim etkilesimi 3,4
14 Hibrid simir elemanlar1 ve sonlu elemanlart (sonlu hacim) yontemleri ve beraber uygulamalari, Sinir 3,45
elemanlari yontemlerinin olas1 gelecekteki gelisim ve uygulama alanlari
COURSE PLAN
Course
Weeks Topics Outcomes
1 Inroduction to boundary element methods (BEM) 1
2 Review of basic fluid mechanics 1
3 Formulation of fluid mechanics problems by BEMs (Green’s theorem, Neumann, Dirichlet boundary 1,2
conditions, velocity-potential formulations)
4 Numerical implementation (discretization of boundaries into pannels, singularity distributions, Galerkin- 1,2
collakation methods)
5 Low-order, high-order formulations, discontinuties on boundaries (corners), hydrofoil Kutta condition 1,2,3
6 Formulation of 2-D lifting surface bodies and solution procedures 2,3
7 Cavitation modelling, dynamic boundary conditions, supercavitation 2,3
8 Formulation of 3-D lifting surface bodies and solution procedures, formulation of tip vortex and tip 2,3
vortex cavity, linear vs non-lineer approaches
9 Unsteady problems, convection of vorticity 2,3
10 Free surface problems, numerical stability, error analysis, iterative techniques 2,34
11 Interaction between free surface and cavitation (supercavitation), numerical towing tank models 3,4
12 Modelling of cavitating ship propellers by BEMs and solution techniques 3,4
13 Boundary layer theory and viscous/inviscid flow coupling 3,4
14 Hybrid BEM/FEM(FVM)'s methods and coupling with them, possible evolution of BEMS in near future 3,4

and their applications




Relationship between the Course and Naval Architecture and Marine Engineering Program

Naval Architecture and Marine Engineering M.Sc. Program Outcomes Contribution

Level
1[2]3

KNOWLEDGE

i Developing and intensifying knowledge in the Naval Architecture & Marine Engineering Area, X
based upon the competency in the undergraduate level.

i Grasping the inter-disciplinary interaction related to the Naval Architecture & Marine X
Engineering Area.
SKILLS

i Ability to use the expert-level theoretical and practical knowledge acquired in the Naval X
Architecture & Marine Engineering Area.

iv Interpreting and forming new types of knowledge by combining the knowledge from the Naval X
Architecture & Marine Engineering Area and the knowledge from various other disciplines.

v Solving the problems faced in the Naval Architecture & Marine Engineering Area by making X
use of the research methods.
COMPETENCE TO WORK INDEPENDENTLY, TO TAKE RESPONSIBILITY

Vi Ability to carry out a specialistic study related to the Naval Architecture & Marine Engineering X

Area independently.

Developing new strategic approaches to solve the unforeseen and complex problems arising
vii | in the practical processes of the Naval Architecture & Marine Engineering Area and coming X
up with solutions while taking responsibility.

Fuffilling the leader role in the environments where solutions are sought for the problems

VI | related to the Naval Architecture & Marine Eng_;ineering_; Area. X
LEARNING COMPETENCE
ix Assessing the specialistic knowledge and skill gained through the study with a critical view X

and directing the Naval Architect & Marine Engineer’s own learning process.

COMMUNICATION AND SOCIAL COMPETENCY

Systematically transferring the current developments in the Naval Architecture & Marine
X Engineering Area and a Naval Architect & Marine Engineer’s own work to other groups in and | X
out of the Naval Architecture & Marine Engineering Area; in written, oral and visual forms.

Proficiency in a foreign language —at least European Language Portfolio B2 Level- and

Xl establishing written and oral communication with that language.

Using the computer software together with the information and communication technologies

Xl efficiently and according to the needs of the Naval Architecture & Marine Engineering Area.

AREA SPECIFIC COMPETENCY

Paying regard to social, scientific, cultural and ethical values during the collecting,
xiii | interpreting, practicing and announcing processes of the Naval Architecture & Marine X
Engineering Area related data and the ability to teach these values to others.

Developing strategy, policy and application plans concerning the subjects related to the
xiv | Naval Architecture & Marine Engineering Area and the ability to evaluate the end results of X
these plans within the frame of quality processes.

Using the knowledge and the skills for problem solving and/or application (which are
xv | processed within the Naval Architecture & Marine Engineering Area) in inter-disciplinary X
studies.

In the programs with thesis, the ability to present a Naval Architect & Marine Engineer’s own

XV T \work within the international environments orally, visually and in written forms.

1: Little, 2. Partially, 3. Full



Dersin Gemi Ingaati ve Gemi Makinalar1 Miihendisligi Programiyla liskisi

Gemi Insaat1 ve Gemi Makinalar1 Miihendisligi Programinin Yiiksek Lisans

mezunlaria kazandiracag bilgi, beceri ve yetkinlikler
(GIGMM Programm Y.Lisans ¢iktilar:)

Katki
Seviyesi

1

2

3

BILGI

Lisans dtizeyi yeterliliklerine dayali olarak, Gemi Insaati ve Gemi Makinalari Miihendisligi
alaninda bilgilerini uzmanlik diizeyinde gelistirebilme ve derinlestirebilme.

Gemi Ingaati ve Gemi Makinalari Miihendisligi alaninin iligkili oldugu disiplinler arasinda
etkilesimi kavrayabilme.

BECERI

Gemi Ingaati ve Gemi Makinalari Mithendisligi alaninda edindigi uzmanihk diizeyindeki
kuramsal ve uygulamali bilgileri kullanabilme.

Gemi ingaati ve Gemi Makinalari Miihendisligi alaninda edindigi bilgileri farkli disiplin
alanlarindan gelen bilgilerle blitiinlestirerek yorumlayabilme ve yeni bilgiler olusturabilme.

ybntemlerini kullanarak ¢éziimleyebilme.

Gemi Ingaati ve Gemi Makinalari Miihendisligi alani ile ilgili karsilagilan sorunlari aragtirma

BAGIMSIZ CALISABILME ve SORUMLULUK ALABILME YETKINLIGI

Gemi Ingaati ve Gemi Makinalari Miihendisligi alanini ile ilgili uzmanhk gerektiren bir

Vi gal@m_ay: badimsiz olarak ytiritebilme.

Gemi Ingaati ve Gemi Makinalari Mihendisligi alani ile ilgili uygulamalarda karsilagilan ve

vii | éngérilemeyen karmasik sorunlarin ¢6zimii igin yeni stratejik yaklasimlar gelistirebilme ve

sorumluluk alarak ¢ézim Uiretebilme.

Gemi Insaati ve Gemi Makinalari Miihendisligi alani ile ilgili sorunlarin ¢éziimlenmesini

vin gerektiren ortamlarda liderlik.

OGRENME YETKINLIGI

ve becerileri elestirel bir yaklagimla degerlendirebilme ve 6grenmesini yénlendirebilme.

Gemi Insaati ve Gemi Makinalari Miihendisligi alaninda edindigi uzmanlik diizeyindeki bilgi

ILETISIM ve SOSYAL YETKINLIK

Gemi insaati ve Gemi Makinalari Miihendisligi alanindaki giincel gelismeleri ve kendi
X calismalarini, nicel ve nitel veriler ile destekleyerek, alanindaki ve alan digindaki gruplara,
yazil, sézlii ve gérsel olarak sistemli bigimde aktarabilme.

Bir yabanci dili en az Avrupa Dil Portféyii B2 genel diizeyinde kullanarak sézlii ve yazili

XUV letisim kurabilmek.

Gemi Insaati ve Gemi Makinalari Milhendisligi alaninin gerektirdigi diizeyde bilgisayar

XN vazilimi ile birlikte bilisim ve iletisim teknolojilerini ileri diizeyde kullanabilme.

ALANA OZGU YETKINLIK

Gemi Insaati ve Gemi Makinalari Miihendisligi alani ile ilgili verilerin toplanmasi,

xiii | yorumlanmasi, uygulanmasi ve duyurulmasi asamalarinda toplumsal, bilimsel, kiilttirel ve etik

degerleri gbzeterek denetleyebilme ve bu degerleri 6gretebilme.

Gemi ingaati ve Gemi Makinalari Miihendisligi alani ile ilgili konularda strateji, politika ve
xiv | uygulama planlari gelistirebilme ve elde edilen sonuglari, kalite stiregleri cergevesinde
degderlendirebilme.

XV ve/veya uygulama becerilerini, disiplinlerarasi ¢alismalarda kullanabilme.

Gemi Insaati ve Gemi Makinalari Miihendisligi alaninda éziimsedikleri bilgiyi, problem ¢ézme

XV aktarabilme.

Kendi ¢alismalarini, alanindaki uluslararasi platformlarda, yazili, sézlii ve/veya gérsel olarak

1: Az, 2. Kismi, 3. Tam

Diizenleyen (Prepared by) Tarih (Date) Imza (Signature)

Prof. Dr. Sakir Bal 17.02.2023




