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Ileri Hesaplamali Akiskanlar Dinamigi

Advanced Computational Fluid Dynamics

Ders Seviyesi
Kodu Yariyih Kredisi AKTS Kredisi (Course Level)
(Code) (Semester) (Local Credits) (ECTS Credits)
UUTG619E Giiz/Bahar 3 7.5 YL/Doktora
(FL_II/Spring) (M.Sc./ Ph.D.)

Lisansiistii Program
(Graduate Program)

Ugak - Uzay Miihendisligi - ileri Teknolojiler ABD

Dersin Tiirii
(Course Type)

Ingilizce/Tiirkce
(English/Turkish)

Dersin Dili
(Course Language)

Secmeli/Zorunlu
(Elective/Compulsory)

Dersin icerigi
(Course Description)

30-60 kelime arast

Ag olusturma yontemleri; Hareketli aglarda temel akigkan denklemleri; sikigtirllamaz
akiglar icin temel ayriklastirma ydntemleri; Iteratif yontemler; Serbest yiizey akislari;
Spektral yontemler; sikistrilabilir akislar icin temel ayriklastirma yontemleri; Yiiksek
mertebeli ENO and WENO sayisal yontemleri; RANS modelleri, Reynolds gerilmesi
modelleri; Tirbiilansh akislar icin LES yontemleri; Hesaplamali akiskanlar dinamiginde
paralel hesaplama.

Mesh generation algorithms; Governing equation of fluid flow on moving meshes;
Basic discretization methods for incompressible flows; Iterative methods; Free surface
flows; Spectal methods; Basic discretization methods for compressible flows; High
order ENO and WENO methods; RANS models; Reynolds Stress models; Large Eddy
Simulation of turbulence; Parallel computing in CFD.

Dersin Amaci
(Course Obijectives)

Maddeler halinde 2-5 adet

Hesaplamali akigkanlar dinamiginin ileri konularinin ve giincel arastirma konularinin tanitilmast.

To introduce a range of more advanced topics and recent advances in computational fluid
dynamics.

Dersin Ogrenme
Ciktilan

(Course Learning
Outcomes)

Maddeler halinde 4-9 adet

Bu dersi basariyla tamamlayan yiiksek lisans/doktora 6grencileri asagidaki konularda bilgi, beceri ve
yetkinlik kazanirlar;

Ag olusturma ydntemlerini 6grenir ve bunlarin sinirlamalarini kavrar

Temel ayriklastirma yontemlerini sikistirilamaz Navier-Stokes denklemlerine uygular
Biiyiik problemleri iterative olarak ¢6zebilir

Serbest yiizey problemlerini ¢dzebilir

Spektral yontemleri sikistirilamaz Navier-Stokes denklemleri i¢in uygulayabilir
Temel ayriklastirma yontemlerini sikistirilabilir Navier-Stokes denklemlerine uygular
ENO ve WENO yontemlerini kavrar

Temel RANS ve LES modellerini 6grenir

Paralel hesaplama igin bolgelere ayirma yontemini dgrenir
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M.Sc./Ph.D. students who successfully pass this course gain knowledge, skill and competency in the
following subjects;

Learn mesh generation algorithms and understand their limitations

Able to apply basic discretization methods to the incompressible Navier-Stokes equations
Able to use iterative methods for larger problems

Able to use numerical algorithms for multi-phase flows

Able to apply spectral methods to the incompressible Navier-Stokes equations

Able to apply basic discretization methods to the compressible Navier-Stokes equations
Learn ENO and WENO methods

Learn basic RANS and LES models

Learn domain decomposition methods for parallel computing
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Kaynaklar
(References)

En onemli 5 adedini belirtiniz

iTU LISANSUSTU TEZ YAZIM KILAVUZUNA GORE YAZILACAKTIR

e Ferziger J.H., Peric, M., Computational Methods for Fluid Dynamics,
Springer, 1999.

e P. M. Gresho, et al Incompressible Flow and the Finite Element Method
Volume 1: Advection-Diffusion, Volume 2: Isothermal Laminar Flow, John
Wiley & Sons, 2000.

e George Em Karniadakis and Spencer J. Sherwin, Spectral/HP Element
Methods for CFD, Oxford University Press, 1999.

e P. Sagaut, Large Eddy. Simulation for Incompressible Flows: An
Introduction, Springer, 2001.

e Anderson, J.D., Computational Fluid Dynamics The Basics with
Applications, McGraw-Hill, 1995.

Odevler ve Projeler

(Homework & Projects)

OGRENCIDEN iKi YIL iCi SINAVI PROJESI + BiR FiNAL PROJESI
TESLiM ETMESI iSTENILECEKTIR

STUDENT WILL BE ASKED TO SUBMIT 2 MID-TERM PROJECTS + ONE
FINAL PROJECT

Laboratuar Uygulamalan

(Laboratory Work)

YOK

NONE

Bilgisayar Kullanim

(Computer Use)

OGRENCI PROJELERI iLE BIRLIKTE BILGISAYAR PROGRAMINI DA
TESLIiM ETMELIDIiR. OGRENCI KENDISINDEN ISTENILEN PROGRAMI
YALNIZ KENDiSi YAZMALIDIR. INTERNETTE YER ALAN
PROGRAMLARIM KULLANIMI KESINLIKLE YASAKTIR.

STUDENT SHOULD PROVIDE THEIR COMPUTER PROGRAM ALONG
WITH THEIR PROJECTS. STUDENT HAS TO IMPLEMENT THE
ASSIGNED COMPUTER PROGRAM BY HIMSELF ONLY. THE USE OF
THE CODES IN PUBLIC DOMAIN IS STRICTLY FORBIDDEN.

Diger Uygulamalar YOK
(Other Activities) NONE
Basar1 Degerlendirme Faaliyetler Adedi* Degerlendirmedeki Katkisi, %
Sistemi (Activities) (Quantity) (Effects on Grading, %)
Y1l i¢i Siavlan 0 20
(Assessment Criteria) (Midterm Exams)
Kisa Sinavlar 0 0
(Quizzes)
Odevler 0 0
(Homework)
Projeler 2 20+20
(Projects)
Donem Odevi/Projesi 0 0
(Term Paper/Project)
Laboratuar Uygulamasi 0 0
(Laboratory Work)
Diger Uygulamalar 0 0
(Other Activities)
Final Sinavi 1 40
(Final Exam)

*Yukarida Belirtilen Sayilar Minimum Olup Yerine Getirilmesi Zorunludur.




DERS PLANI

Hafta

Konular

Dersin
Ciktilan

Ag olusturma algorithmalari

1

Hareketli aglarda temel akigkan denklemleri

Sikigtitrilamaz akislar i¢in sonlu farklar yontemi

Sikistitrilamaz akislar i¢in sonlu hacimler yontemi

Sikistitrilamaz akiglar i¢in sonlu elemanlar yontemi

Iteratif yontemler

Serbest yiizey akiglar

Spektral yontemler

Sikistirilabilir akiglar igin sonlu farklar yontemi

Sikistirilabilir akiglar i¢in sonlu hacimler yontemi
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ENO ve WENO yontemleri
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RANS modelleri ve Reynolds gerilmesi modelleri
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Tiirbiilansh akiglar icin LES yontemleri

H
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Hesaplamal1 akigkanlar dinamiginde paralel hesaplama
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COURSE PLAN

Weeks

Topics

Course
Outcomes

Mesh generation algorithms

[EEN

Governing equations of fluid flow on moving meshes

Finite difference methods for incompressible flows

Finite volume methods for incompressible flows

Finite element methods for incompressible flows

Iterative methods

Free surface flows

Spectral methods

Finite difference methods for compressible flows

Finite volume methods for compressible flows
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High order ENO and WENO methods
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RANS models and Reynolds Stress models
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Large eddy simulation of turbulence
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Parallel computing in CFD
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NOT-1: Ders plani, sadece hafta bazinda islenen ders konularini icermeli, ara ve
kisa sinavlar ders planlarina yazilmamahdir.

Dersin U¢ak ve Uzay Miihendisligi Programyla iliskisi

Programin mezuna kazandiraca@ bilgi, beceri ve yetkinlikler (programa ait ¢iktilar)

Katki
Seviyesi

1|2

3

Yiiksek lisans yeterliliklerine dayali olarak, Ugak ve Uzay Miihendisligi’ndeki giincel ve ileri diizeydeki bilgileri
0zgiin diisiince ve/veya arastirma ile uzmanlik diizeyinde gelistirebilme, derinlestirebilme ve alanina yenilik

getirecek 6zgiin tanimlara ulagabilme

\/

Ugak ve Uzay Miihendisligi’ndeki yeni bilgileri sistematik bir yaklasimla degerlendirebilme ve kullanabilme;
Ugak ve Uzay Miihendisligi’nin iliskili oldugu disiplinlerarasi etkilesimi kavrayarak; yeni ve karmasik
diisiincelerin elestirel analizini, sentezini ve degerlendirmesini yapabilme ve §zgiin sonuglara ulagabilme

Ugak ve Uzay Miihendisligi’ne yenilik getiren, yeni bir diisiince, yontem, tasarim ve/veya uygulama
gelistirebilme ya da bilinen bir diisiince, yontem, tasarim ve/veya uygulamay: farkli bir alana uygulayabilme

Ucak ve Uzay Miihendisligi ile ilgili ¢aligmalarda kuramsal, sayisal ve deneysel arastirma yontemlerini

kullanabilmede iist diizey beceriler kazannmig olma




V. Ozgiin bir konuyu arastirabilme, kavrayabilme tasarlayabilme, uyarlayabilme ve uygulayabilme; ve bu 6zgiin N
caligmay1 bagimsiz olarak gergeklestirerek alanindaki ilerlemeye katkida bulunabilme

Vi. Bir yabanci dili en az Avrupa Dil Portfoyii C1 Genel Diizeyi’nde kullanarak ileri diizeyde yazili, sézlii ve gorsel [
iletisim kurabilme ve tartigabilme; Ugak ve Uzay Miihendisligi ile ilgili en az birer adet bilimsel makaleyi ulusal
ve uluslararast hakemli dergilerde yayinlayarak veya 6zgiin bir yapit iireterek ya da yorumlayarak alanindaki
bilginin sinirlarini genisletebilme; Uluslararasi platformlarda, uzman kisiler ile alanindaki konularin
tartisilmasinda zgiin goriislerini savunabilme ve alanindaki yetkinligini gosteren etkili bir iletisim kurabilme

Vii. Ozgiin ve disiplinlerarasi sorunlarin ¢dziimlenmesini gerektiren ortamlarda liderlik yapabilme; yaratici ve
elestirel diisiinme, sorun ¢dzme ve karar verme gibi {ist diizey zihinsel siirecleri kullanarak alani ile ilgili yeni
diisiince ve yontemler gelistirebilme; sosyal iligkileri ve bu iligkileri yonlendiren normlari elestirel bir bakis
acistyla inceleyebilme, gelistirebilme ve gerektiginde degistirmeye yonelik eylemleri yonetebilme; Ugak ve
Uzay Miihendisligi ile ilgili karsilagilan sorunlarin ¢ziimiinde stratejik karar verme siireclerini kullanarak
islevsel etkilesim kurabilme

viii. Ugak ve Uzay Miihendisligi’ndeki bilimsel, teknolojik sosyal veya kiiltiirel ilerlemeleri tanitarak, yasadigi \/
toplumun bilgi toplumu olma ve bunu siirdiirebilme siirecine katkida bulunabilme; Ugak ve Uzay Miihendisligi
ile ilgili konularda karsilagilan toplumsal, bilimsel, kiiltiirel ve etik sorunlarin ¢6ziimiine katkida bulunabilme ve
bu degerlerin gelisimini destekleyebilme

1: Az, 2. Kismi, 3. Tam

Relationship between the Course and Aerospace Engineering Program

Level of

Program Outcomes Contribution

1

2

3

i. Developing and intensifying the current and high-level knowledge in the Aerospace Engineering with the use of
original thinking and/or research processes and in a specialistic level, based upon the competency in M.S. level

\/

ii. The ability to evaluate and use new information in the Aerospace Engineering with a systematical approach;
grasping the inter-disciplinary interaction related to Aerospae Engineering; the ability to critically analyze,
synthesize and evaluate the new and complex ideas and reach original results.

iii. | Developing a new idea, method, design and/or application which brings about innovation in Aerospace
Engineering; or, applying a conventional idea, method, design and/or application to a different environment; \
researching, grasping, designing and applying an original subject.

iv. | Acquiring the most developed skills about using theoritical, numerical or experimental research methods in
studies in Aerospace Engineering .

V. Researching, grasping, designing and applying an original subject; contributing to the progress in the Aerospace N
Engineering by independently carrying out this study which brings about innovation in the area.

vi. | Proficiency in a foreign language and establishing written, oral and visual communication and developing
argumentation skills with that language; expanding the limits of knowledge in the area by publishing at least one
scientific article in an international peer reviewed journal and/or creating or interpreting an original work; ability N
to establish effective communication with experts in the international environments to discuss the area-related
subjects and to defend original opinions, showing his/her competency in the area.

vii. [ Fulfilling the leader role in the environments where solutions are sought for the original and inter-disciplinary
problems; developing area-related new ideas and methods by making use of intellectual processes such as
creative and critical thinking, problem solving and decision making; ability to see and develop social
relationships and the norms directing these relationships with a critical look and the ability to direct the actions
to change these when necessary; ability to establish effective communication in the solving of the problems
faced in Aerospace Engineering, by using the strategic decision making processes.

viii. | Contributing to the society’s state and progress towards being an information society by announcing and
promoting the technological, scientific and social developments in Aerospace Engineering; contributing to the N
solution of Aerospace Engineering related social, scientific, cultural and ethical problems and promoting the
development of these values.

1: Little, 2. Partial, 3. Full

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

Diizenleyen (Prepared l_)v) Tarih (Date) Imza (Signature)
Dog. Dr. Mehmet SAHIN
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