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Dersin Adi

Course Name

Sinir Elemanlar1 Yontemi

The Boundary Elements Method

Ders Seviyesi
Kodu Yariyih Kredisi AKTS Kredisi (Course Level)
(Code) (Semester) (Local Credits) (ECTS Credits)
Bahar 3 7,5 Doktora
(HBM6XXE) (Spring) (Ph.D.)
Lisansustt Program | Hesaplamali Bilim ve Mihendislik
(Graduate Program) | (Computational Science and Engineering)
Dersin Turi Segime Bagli Dersin Dili Ingilizce/Tiirkge
(Course Type) (Elective) (Course Language) | (English/Turkish)

Dersin icerigi
(Course Description)

30-60 kelime arasi

Green formiilleri ve Dirac-Delta fonksiyonlari. Laplace, Helmholtz denklemleri ve Green
fonksiyonlar1. Sayisal Integrasyon. Agirlikli Artik Yéntemleri. Laplace tipi problemler. Dis
problem. Sabit interpolasyon elemanlar1.G;; and Hij. Analitik integral ¢6ziimleri. Potansiyel ve
akiglar. Dogrusal interpolasyon elemanlari ile Laplace denkleminin ¢éziimii. Sinir Elemant
modellemesi i¢in algoritma gelistirme. Eksenel-simetrik problemler. Poisson denklemi.
Bolgeleme. Karsiliklilik teoremi, 2-B sonsuz bélge. 3-B gekim gozuimleri. 'hg®k, igg®X
Secilmis konular.

Green formulations and Dirac-Delta functions. Laplace, Helmholtz equations and Green
functions. Numerical Integration. Weighted Residual Methods. Laplace type problems. External
problem. Constant interpolation elements.Gj; and Hj. Analitical integral solutions. Potential and
fluxes. Solution of laplace equation with linear interpolation elements. Algorithm development
for the boundary element modelling. Axi-symmetric problems, Poisson equation. Zonning.
Reciprocal theorem, 2-D infinite domain. 3-D traction solutions. thg™k , igq®¥ . Selected topics.

Dersin Amaci
(Course Obijectives)

Maddeler halinde 2-5 adet

=

Boundary Elemanlar1 Yo6ntemi alaninda temel bilgi ve becerileri kazandirmak.

2. Bilimsel ve mithendislik problemlerinin ¢6ziimiinde kullanilan modern bir sayisal yontemin
tasarim ve analizini 6gretmek.

3. Bilimsel ve muhendislik problemlerin modellenmesi icin gerekli temel matematik
yaklasimlar1 ve yontemleri kazandirmak.

4. Kismi diferansiyel denklemler tarafindan yonetilen baslangi¢ sinir deger problemlerinin
modellenmesi igin gerekli araglar1 ve programlama algoritmalarini 6gretmek.

5.  Tasarlanan algoritmalarin bilgisayar sistemleri iizerinde ¢aligtirtlmasi igin gerekli temel

becerileri kazandirmak.

=

To gain basic knowledge and skills in the field of Boundary Elements Method.

2. Toteach the design and analysis of a modern numerical method used in the solution of
scientific and engineering problems.

3. To gain elementary mathematical approaches and methods required for modeling scientific
and engineering problems.

4. To teach the necessary tools and programming algorithms required for the modeling of
initial boundary value problems governed by partial differential equations.

5. To gain the elementary skills required for running the designed algorithms on computer

systems.

Dersin Ogrenme
Ciktilar

(Course Learning
Outcomes)

Maddeler halinde 4-9 adet

Bu dersi bagariyla tamamlayan yiiksek lisans/doktora 6grencileri asagidaki konularda bilgi, beceri ve
yetkinlik kazanirlar;
1)  Sinir Elemanlar1 algoritmalarinin terminolojisini anlayabilmesi ve kullanabilmesi.
2) Matematik teori ve Sinir Elemanlari’na uygulamasini genel terimleriyle anlamasi ve
yorumlayabilmesi.
3) Verilen bir problem icin uygun bir sayisal algoritma modeli se¢ebilmesi ve yazabilmesi.
4) Hesaplamali araglar1 kullanarak sayisal algoritmalar tabanli Sinir Elemanlar: tasarlayabilme.
5) 2-B ve 3-B problemler i¢in temel Sinir Elemanlari ¢ozimlerini anlayabilme.
6) Tekil integral, akis ve ¢ekim siireksizligi problemleri i¢in temel ¢6ziimleri anlayabilme.
7)  Sunucu sistemleri Uzerinde bilgisayar programlari gelistirip, caligtirabilme.




M.Sc./Ph.D. students who successfully pass this course gain knowledge, skill and competency in the
following subjects;
1) Be able to understand and use the terminology of Boundary Elements algorithms.
2) Be able to understand and interpret in general terms, the mathematical theory and application to
Boundary Element Method.
3) Be able to write and choose a suitable numerical algorithm for a given problem.
4) Be able to design Boundary Elements based numerical algorithms using computational tools.
5) Be able to understand fundamental Boundary Elements solutions for 2-D and 3-D problems.
6) Be able to understand fundamental solutions for singular integral, flux and traction discontinuity
problems.
7) Be able to design and run computer programs on server systems

Kaynaklar
(References)

En 6nemli 5 adedini belirtiniz

1) The Boundary Element Method in Engineering, A.A. Becker, 1992,
2) The Boundary Element Method, by L.C. Wrobel, 2002.

3) Boundary Elements: An Introductory Course, Brebbia C.A., 1989.
4) Introduction to Boundary Elements, Hartmann F., 1989.

5) Boundary Element Techniques, Brebbia C.A., 1984.

Odevler ve Projeler

(Homework & Projects)

3 Odev, 1 Proje

3 Homeworks, 1 Project

Laboratuar Uygulamalar

(Laboratory Work)

Bilgisayar Kullanimi

(Computer Use) Dersinizde
kullnadiginiz yazilim ve simulasyon

C, C++ veya F90 Programlama, Eclipse IDE Editér, Matematik Kituphaneleri.

programlari yazilabilir

C, C++ or F90 programming, Eclipse IDE Editor, Mathematics Libraries.

Diger Uygulamalar

(Other Activities)

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler
(Activities)

Adedi*
(Quantity)

Degerlendirmedeki Katkisi, %
(Effects on Grading, %)

Y1l i¢i Sinavlan
(Midterm Exams)

1

20%

Kisa Smavlar
(Quizzes)

Odevler
(Homework)

20%

Projeler
(Projects)

Donem Odevi/Projesi
(Term Paper/Project)

20%

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Sinavi
(Final Exam)

40%

*Yukarida Belirtilen Sayilar Minimum Olup Yerine Getirilmesi Zorunludur.




DERS PLANI

Dersin
Hafta Konular Ciktilan
1 Green formiilleri ve Dirac-Delta fonksiyonlari. 1,2
2 Laplace, Helmholtz denklemleri ve Green fonksiyonlari. Sayisal Integrasyon. Agirlikli Artik 12,3
Yontemleri.
3 Laplace tipi problemler. 2,3,4,5
4 D1s problem. 2,345
5 Sabit interpolasyon elemanlar1.Gj; and Hj;. 2,3,45,7
6 Analitik integral coziimleri. 2,3,45,6
7 Potansiyel ve akiglar. 2,345
8 Dogrusal interpolasyon elemanlari ile Laplace denkleminin ¢dziimii. 2,3,45,7
9 Sinir Eleman1 modellemesi igin algoritma gelistirme. 2,3,45,7
10 Eksenel-simetrik problemler. 2,3,45,6
11 Poisson denklemi. Bolgeleme. 2,345,7
12 Karsiliklilik teoremi. 2-B sonsuz bolge. 2,3,4,5,6,7
13 3-B gekim ¢ozimleri. 'hg %, g k. 2,3,4,5,6,7
14 Secilmis konular. 2,3,45,6,7
COURSE PLAN
Course
Weeks Topics Outcomes
1 Green formulations and Dirac-Delta functions. 1,2
2 Laplace, Helmholtz equations and Green functions. Numerical Integration. Weighted Residual 1,2,3
Methods.
3 Laplace type problems. 2,345
4 External problem. 2,345
5 Constant interpolation elements.G;; and Hi;. 23457
6 Analitical integral solutions. 2,3,4,5,6
7 Potential and fluxes. 2,3,4,5
8 Solution of laplace equation with linear interpolation elements. 2,345,7
9 Algorithm development for the boundary element modelling. 2,3,45,7
10 Axi-symmetric problems. 2,3,45,6
11 Poisson equation. Zonning. 2,345,7
12 Reciprocal theorem, 2-D infinite domain. 2,3,45,6,7
13 3-D traction solutions. e, Tgs k. 2,3,45,6,7
14 Selected topics. 2,3,45,6,7

NOT-1: Ders plani, sadece hafta bazinda islenen ders konularini icermeli, ara ve

kisa sinavlar ders planlarina yazilmamahdir.




Dersin Hesaplamal Bilim ve Miihendislik Programiyla liskisi

Programin mezuna kazandiracag bilgi, beceri ve yetkinlikler (programa ait ciktilar)

Katki
Seviyesi

1

2|3

Lisans dizeyi yeterliliklerine dayali olarak, Hesaplamali Bilim ve Mihendislik
Programindaki bilgilerini uzmanlik diizeyinde gelistirebilme ve derinlestirebilme (yeterli
bilgi birikimi) (bilgi).

Alaninin iliskili oldugu disiplinler arasi etkilesimi kavrayabilme (bilgi).

Alaninda edindigi uzmanlik diuzeyindeki kuramsal ve uygulamal bilgileri
kullanabilme(beceri).

Alaninda edindigi bilgileri farkli disiplin alanlarindan gelen bilgilerle butinlestirerek
yorumlayabilme ve yeni bilgiler olusturabilme (beceri).

Alanini ile ilgili karsilagilan sorunlari arastirma yontemlerini kullanarak ¢ézimleyebilme
(beceri).

Vi.

Alanini ile ilgili uzmanhk gerektiren bir galismayl bagimsiz olarak ytritebilme (Bagimsiz
Calisabilme ve Sorumluluk Alabilme Yetkinligi)

Vii.

Alani ile ilgili uygulamalarda karsilagilan ve dngérilemeyen karmasik sorunlarin ¢ézimu
icin yeni stratejik yaklasimlar gelistirebilme ve sorumluluk alarak ¢6zim Uretebilme
(Bagimsiz Calisabilme ve Sorumluluk Alabilme Yetkinligi).

viii.

Alanindaki glincel gelismeleri ve kendi calismalarini, nicel ve nitel veriler ile
destekleyerek, alanindaki ve alan disindaki gruplara, yazil, s6zlu ve gorsel olarak
sistemli bicimde aktarabilme (iletisim ve Sosyal Yetkinlik).

Bir yabanci dili en az Avrupa Dil Portféyu B2 genel dizeyinde kullanarak sdzli ve yazili
iletisim kurabilmek (Iletisim ve Sosyal Yetkinlik).

Alaninin gerektirdigi diizeyde bilgisayar yazilimi ile birlikte bilisim ve iletisim teknolojilerini
ileri duizeyde kullanabilme (iletisim ve Sosyal Yetkinlik)

Xi.

Alani ile ilgili verilerin toplanmasi, yorumlanmasi, uygulanmasi ve duyurulmasi
asamalarinda toplumsal, bilimsel, kulttrel ve etik degerleri gézeterek denetleyebilme ve
bu degerleri 6gretebilme (Alana Ozgii Yetkinlik).

Xii.

Alani ile ilgili konularda strateji, politika ve uygulama planlar gelistirebilme ve elde edilen
sonuglari, kalite siregleri cercevesinde degerlendirebilme (Alana Ozgii Yetkinlik).

Xiii.

Alaninda 6zimsedikleri bilgiyi, problem ¢6zme ve/veya uygulama becerilerini,
disiplinlerarasi galismalarda kullanabilme (Alana Ozgii Yetkinlik).

Xiv.

Hesaplamali Bilim ve Muhendislik Programinda, kendi ¢alismalarini, alanindaki
uluslararasi platformlarda, yazili, s6zlu ve/veya gorsel olarak aktarabilme (Alana 6zgii
yetkinlik).

1: Az, 2. Kismi, 3. Tam




Relationship between the Course and Computational Science and Engineering Program

Level of
Program Outcomes Contribution
1 2 3
i. | Developing and intensifying knowledge in the  Computational Science and
Engineering program’s area, based upon the competency in the undergraduate level X
(sufficient knowledge) (knowledge).
ii. | Grasping the inter-disciplinary interaction related to one’s area (knowledge). X
iii. | The ability to use the expert-level theoretical and practical knowledge acquired in the
area (skill). X
iv. | Interpreting and forming new types of knowledge by combining the knowledge from | X
the area and the knowledge from various other disciplines (skill).
v. | Solving the problems faced in the area by making use of the research methods (skill).
X
vi. | The ability to carry out a specialistic study related to one’s area independently.
(Competence to work independently and take responsibility). X
vii. | Developing new strategic approaches to solve the unforeseen and complex problems
arising in the practical processes of one’s area and coming up with solutions while X
taking responsibility (Competence to work independently and take responsibility).
viii. | Systematically transferring the current developments in the area and one’s own work
to other groups in and out of the area; in written, oral and visual forms | X
(Communication and Social Competency).
ix. | Proficiency in a foreign language —at least European Language Portfolio B2 Level- and
establishing written and oral communication with that language (Communication and
Social Competency).
X. | Using the computer software together with the information and communication X
technologies efficiently and according to the needs of the area (Communication and
Social Competency).
xi. | Paying regard to social, scientific, cultural and ethical values during the collecting,
interpreting, practicing and announcing processes of the area related data and the
ability to teach these values to others (Area Specific Competency).
xii. | Developing strategy, policy and application plans concerning the subjects related to
the area and the ability to evaluate the end results of these plans within the frame of
quality processes (Area Specific Competency).
xiii. | Using the knowledge and the skills for problem solving and/or application (which are X
processed within the area) in inter-disciplinary studies (Area Specific Competency).
xiv. | In the Computational Science and Engineering program, the ability to present one’s
own work within the international environments orally, visually and in written forms
(Area Specific Competency).

1: Little, 2. Partial, 3. Full

NOT-2: Ders ile ilgisi olmayan ciktilarin bos birakilmasi gerekmektedir.

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

Prof.Dr. M. Serdar CELEBI




