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DERS KATALOG FORMU
(COURSE CATALOGUE FORM)

Dersin Ad1

Course Name

SAYISAL AKISKANLAR DINAMIGI

COMPUTATIONAL FLUID DYNAMICS

Ders Uygulamasi, Saat/Hafta
(Course Implementation, Hours/Week)
Kodu Yariyil Kredisi AKTS Kredisi Ders Uygulama | Laboratuar
(Code) (Semester) | (Local Credits) | (ECTS Credits) (Theoretical) (Tutorial) (Laboratory)
MAK 376E 6 2,5 4,5 2 1 0
Boliim / Program Makina Miihendisligi / Makina Mithendisligi
(Department/Program) | (Mechanical Engineering / Mechanical Engineering)
Dersin Tiirii Seqmeli Dersin Dili Ingilizce
(Course Type) (Elective) (Course Language)  |(English)

Dersin Onkosullar
(Course Prerequisites)

AKM 209/E veya AKM 205/E veya AKM204/E ve MAT 201/E ve MAT 202/E ve BIL104E
veya BIL 106E veyaBIL108E

Dersin mesleki
bilesene katkisi, %
(Course Category

by Content, %)

Temel Bilim Temel Miihendislik Miihendislik Tasarim | insan ve Toplum Bilim
(Basic Sciences) (Engineering Science) (Engineering Design) (General Education)
100 - - -

Dersin Icerigi

(Course Description)

Sayisal akigkanlar dinamiginde temel kavramlar. Akiskanlar dinamiginde temel denklemler. Ilk sart ve simr
sart1 problemleri. Kismi denklemlerin siniflandirilmasi. Sonlu fark formiilleri. Kararlilik analizi. Parabolik
denklemler ve acik (explicit) ve kapali (implicit) ¢dzlimler. ADI yontemi.

Eliptik denklemler: Jacobi, Gauss-Seidel ve SOR yontemleri. Hiperbolik denklemler: Lax-Wendroff, Mac
Cormack yontemleri. Euler denklemleri. Grid olusturulmasi.

Basic aspects of computational fluid dynamics, Governing equations of fluid dynamics, Initial and
boundary value problems, classification of partial differential equations, Finite difference formulations,
stability analysis, Parabolic equations explicit and implicit methods, ADI method,

Elliptic equations: Jacobi, Gauss-Seidel and SOR iteration; Hyperbolic equation:
MacCormack’s method, Euler equations, Grid generation.

Lax-Wendroff,

Dersin Amaci

L (Course Objectives)

1. Hesaplamali Akigkanlar Dinamigi yontemlerini tanitmak
2. Ogrencilerin akiskanlar mekanigi problemlerini bu yontemler ile ¢dzebilmelerini saglama.

1. This course is designed to give fourth year mechanical engineering students CFD techniques
2. Using of these CFD techniques in the solution of fluid mechanics problems.

Dersin Ogrenme
Ciktilar

(Course Learning
Outcomes)

Akiskanlar dinamigindeki temel denklemler ve fiziksel anlamlarini kavrayabilme(a).

Ilk sart ve sinir sart problemlerini ayirt edebilme ve ilgili fiziksel sistemleri belirleyebilme becerisi

Tk sart problemlerinin sayisal ¢éziimiinde Runge-Kutta yontemlerini uygulayabilme becerisi(e,k)

Sinir deger problemlerinin sayisal ¢6ziimiinde sonlu farklar tekniklerini uygulayabilme becerisi

Eliptik, parabolik ve hiperbolik denklemleri ayirt edebilme ve bu tip denklemlerle ifade edilen fiziksel olaylar:
tantyabilme

Taylor serilerini kullanarak sonlu fark formiillerini tiiretebilme, sonlu fark denklemlerinin kararlilik ve uyumluluk
analizlerini yapabilme becerisi(e,k)

Explicit ve Implicit yontemlerle parabolik denklemleri

Iteratif yontemlerle eliptik denklemleri ¢zebilme becerisi(e,g,k)

gk W
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A sound understanding of the governing equations in fluid dynamics and their physical aspects.

An ability to distinct between initial and boundary value problems and their occurrences in physical systems.

Apply Runge-Kutta Methods to numerically solve the initial boundary problems.

Apply finite difference methods to solve the boundary value problems

Make a distinction among elliptic, parabolic and hyperbolic equations and understand the corresponding physical

phenomena

6.  Ability to develop finite difference formulations using Taylor's series expansion, Ability to perform stability and
consistency analyses of given finite difference equations

7. Ability to solve parabolic equations using explicit and implicit methods,

8. Ability to solve elliptic equations using iterative methods

G WM PN




Ders Kitab
(Textbook)

Computational Fluid Dynamics for Engineers, Klaus A. Hoffman, Steve T. Chiang,
Vol. |, Wichita, Kansas, Engineering Education System, 1993.

Diger Kaynaklar
(Other References)

1. Computational Fluid Dynamics : The basics with applications, John D.
Anderson, McGraw-Hill, 1995

2. Computational Fluid Mechanics and Heat Transfer J.C. Tannehill, D.A.
Anderson, R.H. Pletcher, Washington, DC, Taylor and Francis, 1997.

3. Numerical Computation of Internal and External Flows (Volume I and Il), C.
Hirsch, John Wiley and Sons Ltd. , 1988

Odevler ve Projeler

(Homework & Projects

4 adet 6dev 1 adet proje verilecektir.

4 Homeworks and 1 project will be assigned.

Laboratuar Uygulamalan

(Laboratory Work)

Bilgisayar Kullanimi

(Computer Use)

Odevlerlerde Matlab (Fortran veya C) projede CFD yazilimi kullanilacaktir.

Matlab (or Fortran) language will be used in homework assignments. In project, CFD
software will be used.

Diger Uygulamalar

(Other Activities)

Basari Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler Adedi Degerlendirmedeki Katkisi, %
(Activities) (Quantity) (Effects on Grading, %)

Y1l i¢i Siavlan 1 25
(Midterm Exams)

Kisa Simavlar

(Quizzes)

Odevler 4 20
(Homework)

Projeler 1 15
(Projects)

Dénem Odevi/Projesi
(Term Paper/Project)

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Sinav1 1 40
(Final Exam)




DERS PLANI

Dersin
Hafta Konular Ciktilari
1 Sayisal akigskanlar dinamiginde temel kavramlar [
2 Akiskanlar dinamiginde temel denklemler, fiziksel kavramlar [
3 {1k sart problemlerinin sayisal coziimleri: Taylor ve Runge-Kutta yontemleri I, 1l
4 Sinir sart1 problemlerinin sayisal ¢6ziimleri: Sonlu fark yontemleri. Thomas algoritmasi I1i; v
5 Kismi diferansiyel denklemlerinin siniflandirilmasi. Eliptik, Parabolik ve Hiperbolik denklemler. Vi
Ik sart ve sinir sartlari.
6 Sonlu fark formiilasyonlari: Taylor serisi agilimi, sonlu fark denklemleri. Kararlilik analizi VI
7 Parabolik kismi diferansiyel denklemler: Explicit yontemler; FTCS Yo6ntemi, Richardson and VII
DuFort-Frankel yontemleri.
8 Implicit yontemler: Crank-Nicolson yontemi VI
9 Iki boyutlu parabolik denklemler; ADI yontemi, sonlu fark denklemlerinin uyumluluk analizi VI
10 Eliptik kismi diferansiyel denklemler: Jacobi, Gauss-Seidel ve SOR yontemleri. YIL ICI SINAVI | VII, VIII
11 Eliptik denklemler: Tiirev sinir sartlari VIII
12 Hiperbolik denklemler: Lax-Wendroff, MacCormack yéntemleri IX
13 Euler denkleminin sayisal ¢6ziimii IX
14 Coziim agi1 olusturulmasi VII-IX
COURSE PLAN
Course
Weeks Topics Qutcomes
1 Basic aspects of computational fluid dynamics [
2 Governing equations of fluid dynamics, physical aspects. [
3 Numerical solution of initial boundary value problems: Taylor’s and Runge-Kutta Methods i, Il
4 Numerical solution of boundary value problems: Finite difference and shooting methods, TIELY;
Thomas algorithm. '
5 Classification of partial differential equations: Elliptic, Parabolic and Hyperbolic equations, Vv
Initial and boundary conditions.
6 Finilte difference formulations: Taylor series expansion, Finite difference equations, Stability VI
analyslis
7 Parabolic partial differential equations: Explicit methods; FTCS Method, Richardson and VII
DuFort-Frankel methods,
8 Implicit Methods; Crank-Nicolson method. VI
9 Parabolic equations in two space dimensions; ADI method, and Consistency analysis of finite VII
difference equations.
10 Elliptic partial differential equations: Jacobi, Gauss-Seidel and SOR iteration methods. MID- VIL VI
TERM EXAM '
11 Elliptic equations: Derivative boundary conditions VI
12 Hyperbolic equations: Lax-Wendroff, MacCormack’s methods IX
13 Numerical solution of Euler equation IX
14 Grid generation. VII-I1X




Dersin Makina Miihendisligi Programiyla iliskisi

Programin mezuna kazandiracag bilgi ve beceriler (programa ait ciktilar)

Seviyesi

Katki

1

2

3

Matematik, fen bilimleri ve miihendislik bilgisini makina miithendisligi problemlerini ¢6zmede
kullanabilme becerisi

X

Deney tasarlayip yiiriitebilme, sonuglarini analiz edip yorumlama ve modern arag, gereg ve
techizati kullanabilme becerisi

Bir makinayi, pargasini veya prosesi, beklenen performansi, imalat 6zelliklerini ve ekonomikligi

saglayacak sekilde secme, gelistirme ve tasarlama becerisi

Cok disiplinli takimlarda galisabilme ve/veya liderlik yapma becerisi

Makina Miihendisligi problemlerini tanimlama, formiile etme ve ¢6zme becerisi

Mesleki ve etik sorumluluk anlayigina sahip olma

Tiirkce ve Ingilizce etkin yazili ve sozlii iletisim kurma becerisi

Sl | = |

Makina miihendisliginin ulusal ve kiiresel boyutlardaki etkileri hakkinda bilgi sahibi olma ve
yorum yapabilme becerisi

Hayat boyu (Siirekli) egitimin dnemini kavrama ve uygulayabilme becerisi

Makina miihendisliginin giincel ve ¢agdas konularina iligkin bilgi sahibi olma

xi—- —

Miihendislik tasarim ve analizlerinde bilgisayar yazilimlari gibi modern mithendislik yontemlerini

ve ¢agdas bilgi erisim olanaklarini kullanabilme becerisi

Ogrencinin segtigi makina miihendisligi uygulama alanlarindan birinde daha ayrintili bilgi ve
uygulama deneyimi

1: Yok, 2. Kismi, 3. Tam

Relationship between the Course and Mechanical Engineering Curriculum

Program Outcomes

Level of
Contribution

1

2

3

An ability to apply knowledge of mathematics, science, and engineering on mechanical
engineering problems

X

An ability to design and conduct experiments, as well as to analyze and interpret data and use
modern tools and equipment.

An ability to select, develop and/or design a system, component, or process to meet desired
performance, manufacturing capabilities and economic requirements.

An ability to function on and/or develop leadership in multi-disciplinary teams.

An ability to identify, formulate, and solve mechanical engineering problems.

An understanding of professional and ethical responsibility

An ability for effective written and oral communication in Turkish and English.

Sl | —h|o |

An ability to understand and comment on the impact of engineering solutions in a national and
global context.

A recognition of the need for, and an ability to engage in life-long learning

A knowledge of contemporary issues in mechanical engineering

N | —] -

An ability to use the techniques, skills, and modern engineering tools , such as computer
programs, necessary for engineering design and analysis and use modern information systems

A detailed knowledge of and experience on a specific application field of mechanical
engineering

1: None, 2. Partial, 3. Full

Diizenleyen (Prepared by) Tarih (Date)

Imza (Signature)

08.04.2011




