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Dersin Amaci

(Course Objectives)

Makine muhendisligi yiksek lisans dgrencilerine akiskanlar mekaniginin ileri konulari
hakkinda bilgi vermek ve lisansustu tezi (projesi) ¢galismasina hazirlamak.

To inform graduate students of mechanical engineering about advanced topics in fluid
mechanics and to prepare them for their graduate thesis (or project).

Dersin igerigi

(Course Content)

Akis ve hareketin kinematigi. Akisin korunum denklemleri. Viskoz akisin tam ve yaklasik
¢ozimleri. Sikistirlamaz akis ve uygulamalari: Wing kurami ve potansiyel akis.
Sikistirilabilir akis ve uygulamalari. Sok dalgalari ve kigik bozucu etkiler.

Flow and kinematics of motion. Conservation equations of flow. Exact and approximate
solutions of viscous flow. Incompressible flow and its applications: Wing theory and
potential flow. Compressible flow and its applications. Shock waves and minor
disturbance effects.

Dersin Ogrenme Giktilan

(Course Learning Outcomes)

Bu dersi basariyla tamamlayan dgrenciler:

1. Akigkan kinematigini, maddesel tirevi ve akim gizgilerini formile eder [PC-5]

2. Viskoz akiglardaki korunum denklemlerini ve bunlarin fiziksel yonlerini analiz
eder [PC-5]

3. Temel viskoz akig problemleri i¢cin Navier-Stokes denklemlerini basitlestirebilir ve
analitik sonug elde eder [PC-2]

4. Sinir tabaka denklemlerini diferansiyel ve integral formda turetir [PC-7]
kazanir.

[Not: Késeli parantez icindeki sayilar ilgili program c¢iktilarinin numaralarini igaret
etmektedir]

Students, who pass the course satisfactorily:

1. Formulate the fluid kinematics, material derivative, streamlines [PO-5]

2. Analyze the governing equations in viscous fluid flows and their physical aspects
[PO-5]

3. Simplify Navier-Stokes equations and obtain exact solutions to some
simple viscous flow problems [PO-2]

4. Derive boundary layer equations in differential and integral forms [PO-7]

[Note: Numbers in brackets are indicating the related program outcomes]

Dersin ISCED Kategorisi
(ISCED Category of the course)

52 Muhendislik
(52 Engineering)

Ders Kitabi
(Textbook)

“Viscous Fluid Flow”, White, F. M. 2005. McGraw-Hill

Yardimci Kaynaklar
(Other References)

Schlichting, H. and Gersten, K. 2000. “Boundary Layer Theory”, Springer-Berlin.
Panton, R. 1995. “Incompressible flow”, John-Wiley, New York
Currie, I.G., 1993. “Fundamental Mechanics of Fluids”, McGraw_Hill.




HAFTALIK KONULAR

Hafta Ders Konulari
1 Temel kavr{?mlar, tanimlar, sUrek_Ii prtam kabuld, viskozite,_c’j_rnek akiglar. Akigkan kinematigi,
maddesel tiirev. Akiskan hareketinin siniflandiriimasi. Vortisite.
2 Viskoz akiglarin temel denklemleri: Sureklilik denklemi, Navier-Stokes denklemleri, enerji denklemi
3 Temel denklemlerin matematiksel 6zellikleri. Boyutsuz korunum denklemleri. Viskoz akiglarda

boyutsuz parametreler. Vortisite korunum denklemi. Vortisite-akim fonksiyonu formulasyonu

Dusuk Reynolds sayili akiglar — Striinme akisi

Viskoz akiglarina analitik goztimleri: Couette akisi, Poiseulle akisi

Sikistirlamaz akis ve uygulamalari: Potansiyel akis

Laminer sinir tabaka denklemleri. Benzerlik donisimu

4
5
6 Sikistirlamaz akis ve uygulamalari: Kanat teorisi
-
8
9

Blasius ¢6zimu. Falkner-Skan ¢ozimleri

10 Momentum integral yaklasimi. Yaklasik ¢ozimler

11 Sinir tabaka ayrilmasi, laminer jetler, serbest ylzey akislari

12 Turbullansa giris

13 Sikistinlabilir akis ve uygulamalari

14 Sok dalgalari

COURSE PLAN

Week Topics

Basic concepts, definitions, continuum assumption, viscosity, some examples of viscous flows. Flow
kinematics, material derivative. Classification of fluid motion. Vorticity.

2 Review of fundamental equations of viscous flows: Continuity, Navier-Stokes and Energy Equations.

Mathematical characteristics of the basic equations. Dimensionless form of governing equations.
3 Dimensionless form of governing equations. Dimensionless parameters in viscous flows. Vorticity
transport equation. Vorticity-Stream function formulation

Low-Reynolds number Flows (Creeping Flow)

Exact solution of viscous flow problems: Couette Flow, Poiseulle flow

Incompressible flow and its applications: Potential flow

Laminar boundary layers, Origin of similarity transformation

4
5
6 Incompressible flow and its applications: Wing theory
-
8
9

Blasius solution. Falkner-Skan solutions

10 Momentum Integral formulation. Approximate solutions

11 Boundary layer separation, Laminar jets, free shear layers

12 Introduction to turbulence

13 Compressible flow and its applications

14 Shock waves

DERSIN DEGERLENDIRME SISTEMi (COURSE ASSESSMENT)

Etkinlikler Adet Katki Orani
(Activities) (Quantity) (Contribution) (%)

Kisa Sinavlar (Quizzes) - -

Dénem Odevi / Projesi (Term Project) - -

Deney Raporlari (Experiment Reports) - -

Yanyil igi
Cahsmalari  [Seminer (Seminars) - 3
(Semester Odevler (Homework) 3 30

Activities) Sunum (Presentations) - -

Ara sinavlar (Midterm Exams) 2 30

Proje (Project) - -
YARIYIL SONU SINAVI (FINAL EXAM) 1 40
Toplam (Total) 100




DERSIN MAKINE MUHENDISLIiGI LISANSUSTU PROGRAMI
KAZANIMLARINA (GIKTILARINA) KATKISI

Makine Miihendisligi (Tezli/Tezsiz) Yiiksek Lisans Programi Kazanimlar (Ciktilar)

Alaninda bilimsel arastirma yaparak bilgiye genislemesine ve derinlemesine ulasir, bilgiyi degerlendirir,

PC-1
yorumlar ve uygular.
PG-2 Muhendislikte uygulanan glincel teknik ve yéntemler ile bunlarin kisitlari hakkinda kapsaml bilgi
sahibidir.
Belirsiz, sinirli ya da eksik verileri kullanarak, bilimsel ydntemlerle bilgiyi tamamlar ve uygular; degisik
PC-3 | .= © -
disiplinlere ait bilgileri bir arada kullanabilir.
PG-4 Mesleginin yeni ve gelismekte olan uygulamalarinin farkindadir, intiya¢ duydugunda bunlari inceler ve
Agrenir.
PC-5 Alant ile ilgili problemleri tanimlar ve formiile eder, ¢ézmek icin yontem gelistirir ve ¢dziimlerde yenilikgi
yontemler uygular.
PG-6 Yeni ve/veya 6zgun fikir ve yontemler gelistirir; karmasik sistem veya siregleri tasarlar ve
tasarimlarinda yenilikgi/alternatif gozimler gelistirir.
PC-7 Kuramsal, deneysel ve modelleme esasli aragtirmalari tasarlar ve uygular; bu siregte karsilagilan
karmasik problemleri irdeler ve ¢ézimler
Disiplin i¢i ve ¢ok disiplinli takimlarda etkin bigimde ¢alisabilir, bu tir takimlarda liderlik yapabilir ve
PC-8 K o AR -
armasik durumlarda ¢ézim yaklasimlari gelistirebilir; bagimsiz galisabilir ve sorumluluk alir.
PC-9 |Bir yabanci dili en az Avrupa Dil Portfoyli B2 Genel Diizeyinde kullanarak, s6zli ve yazil iletisim kurar.
Calismalarinin siire¢ ve sonuglarini, o alandaki veya alan digindaki ulusal ve uluslararasi ortamlarda
PC-10 (= : ; : e
sistematik ve acgik bir sekilde yazili ya da s6zlu olarak aktarir.
PC-11 Mihendislik uygulamalarinin sosyal, ¢cevresel, saglik, guvenlik, hukuk boyutlari ile proje yénetimi ve is
hayati uygulamalarini bilir ve bunlarin miihendislik uygulamalarina getirdigi kisitlarin farkindadir.
PC-12 Verilerin toplanmasi, yorumlanmasi, duyurulmasi asamalarinda ve mesleki tum etkinliklerde toplumsal,
bilimsel ve etik degerleri gozetir.
CONTRIBUTION of the COURSE on MECHANICAL ENGINEERING
GRADUATE PROGRAM OUTCOMES
Mechanical Engineering Graduate Program (Thesis and Non-Thesis) Outcomes
Attains knowledge through wide and in-depth investigations his/her field and surveys, evaluates,
PO-1 | . -
interprets, and applies the knowledge thus acquired.
PO-2 Has a critical and comprehensive knowledge of contemporary engineering techniques and methods of
application.
PO-3 By using unfamiliar, ambiguous, or incompletely defined data, completes and utilizes the required
knowledge by scientific methods; is able to fuse and make use of knowledge from different disciplines.
Has the awareness of new and emerging technologies in his/her branch of engineering profession,
PO-4 .
studies and learns these when needed.
PO-5 Defines and formulates problems in his/her branch of engineering, develops methods of solution, and
applies innovative methods of solution.
PO-6 Devises new and/or original ideas and methods; designs complex systems and processes and proposes
innovative/alternative solutions for their design.
Has the ability to design and conduct theoretical, experimental, and model-based investigations; is able
PO-7 ; e
to use judgment to solve complex problems that may be faced in this process.
PO-8 Functions effectively as a member or as a leader in teams that may be interdisciplinary, devises
approach of solving complex situations, can work independently and can assume responsibility.
PO-9 Has the oral and written communication skills in one foreign language at the B2 general level of
European Language Portfolio.
PO-10 Can present the progress and the results of his investigations clearly and systematically in national or
international contexts both orally and in writing.
Knows social, environmental, health, safety, and legal dimensions of engineering applications as well as
PO-11 |project management and business practices; and is aware of the limitations and the responsibilities
these impose on engineering practices.
PO-12 Commits to social, scientific, and professional ethics during data acquisition, interpretation, and

publication as well as in all professional activities




AKTS - i$ YUKU TABLOSU
(ECTS - WORK LOAD TABLE)

DERS ETKINLIKLERI
(COURSE ACTIVITIES)

Sayi
(Quantity)

Siire (Saat)
(Time (h))

is Yiikii (saat)
(Work Load (h))

Ders Siiresi
(Lectures)

14

3

42

Yariyil Sonu Sinavi (Hazirlik Siiresi Dahil)
(Final Exam (Preparation included))

20

20

Kisa Sinavlar (Hazirlik Siiresi Dahil)
(Quizzes (Preparation included))

Doénem Odevi / Projesi
(Term Project)

Deney Raporlari
(Experiment Reports)

Bitirme Tezi/Projesi
(Graduation Project)

Seminer
(Seminars)

Sinif Dis1 Galisma Siiresi
(Out class working time)

14

70

Odevler
(Homework)

10

30

Sunum
(Presentations)

Arasinavlar (Hazirlik Suiresi Dahil)
(Midterm Exams (Preparation included))

15

30

Proje
(Projects)

Laboratuvar
(Laboratory Work)

Toplam is Yiikii (saat)
(Total Workload (h))

192

Dersin AKTS Kredisi (Toplam ls Yiikii / 25)
(ECTS Credits of the course (Total Workload / 25))

Revizyon / Tarih Koordinator / Hazirlayan
(Revision / Date) (Coordinator / Prepared by)

20.05.2023 Hidir Maral

Onaylayan
(Approved by)

Mehmet Demirkol (20.05.2023)




