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Course Name

Miihendislikte Is1 Gegisi

Heat Transfer in Engineering

Ders Uygulamasi, Saat/Hafta
(Course Implementation, Hours/Week)

Kodu Yariyih Kredisi AKTS Kredisi Ders Uygulama Laboratuar
(Code) (Semester) (Local Credits) (ECTS Credits) (Theoretical) (Tutorial) (Laboratory)
GEM216E 4 3 5 3 - -

Boliim / Program

Gemi Insaat: ve Gemi Makinalar1 Miihendisligi

(Department/Program) Naval Architecture and Marine Engineering

Dersin Tiirii Secmeli Dersin Dili Ingilizce

(Course Type) (Elective) (Course Language) (English)

Dersin Onkosullar Yok

(Course Prerequisites) (None)

Dersin mesleki bilesene Temel Bilim Temel Miihendislik Miihendislik Tasarim | insan ve Toplum Bilim
katkisi, % (Basic Sciences) (Engineering Science) (Engineering Design) (General Education)
(Course Category % 100

by Content, %) (100%)

Dersin Icerigi

(Course Description)

Girig ve temel kavramlar, 1s1 gegisinin temel yasalari, 1s1 iletim denklemi, siirekli durumda 1s1 iletimi, 1s1
iretimi, kanatl yiizeyler, zamana bagli ve ¢ok boyutlu 1s1 iletimi, taginimin temelleri, sinir tabaka teorisi,
zorlanmig taginim: dis akis, zorlanmis tasinim: i¢ akis, dogal taginim, 1ginimla 1s1 gegisi.

Introduction and basic concepts, basic laws of heat transfer, heat conduction equation, steady heat
conduction, heat generation, extended surfaces, transient and multidimensional heat conduction,
fundamentals of convection, boundary layer theory, external forced convection, internal forced convection,
natural convection, radiation heat transfer.

Dersin Amaci

(Course Objectives)

Bir ¢ok degisik 1s1 transferi probleminin ¢oziimii igin gerekli analitik yetenegin temellerini olugturmak.
Miihendisleri ilgilendiren degisik 1s1 gecis cihazlar1 ve yapilari i¢in 1s1 gegisi etkilerini tanimlayan
matematik modelleri kurmay1 ve ¢6zmeyi d6gretmek.

3. Isil sistemlerin davranisini anlamak i¢in 1s1 transferinin ilkelerini 6gretmek.

o =

1. To build a foundation of analytical capability for the solution of a great variety of heat transfer
problems.

2. To introduce how to construct and solve mathematical models which describes the effects of heat
transfer on a variety of heat exchange equipments and structures that are of concern to engineers.

3. To introduce heat transfer principles to understand the behavior of thermal systems.

Dersin Ogrenme
Ciktilan

(Course Learning
Outcomes)

Bu dersi bagariyla tamamlayan 6grenci;
1. Enerji dengesi ile ilgili yasalar1 ve fiziksel kavramlari, 1s1 gegis mekanizmalarini ve ilgili malzeme 6zelliklerini anlama
II. Bir boyutlu, ¢ok boyutlu, siirekli ve zamana bagli 1s1 iletimi kavramlari ve ilgili sinir ve baslangi¢ sartlarini anlama
I Iginde 1s1 iiretimi olan veya genisletilmis yiizeylerden olan belli 1s1 iletim problemlerinin ¢oziimiinde analitik ve sayisal ¢6ziim
metodlarini kullanma
IV. Bir boyutlu ve toplam kiitle yaklagimi ile zamana bagli 1s1 iletim problemlerinin ¢6ziimiinde analitik ve grafik ¢oziim tekniklerini
kullanma
V. Tagimimla olan 1s1 gegisinin yonetici denklemlerini, yasalarim ve fiziksel kavramlarini anlama. ig ve dis laminer ve tiirbiilanslt
akislarda tasinim la 1s1 gegisi problemlerinin analizini sinir tabaka kavraminin temelleri de dahil olmak iizere anlama. Boyutlu ve boyutsuz
1s tasinim Katsayisi i¢in degisik ampirik korelasyonlar1 kullanma ve segmeyi 6grenme
VI. Dogal tasinima neden olan sicakliga bagli boyancy kavramimi 6grenme ve dogal tasinimla 1s1 gegisi hesabinda kullanilan boyutsuz
Grashof sayisini anlama
VII. Siyah ve gri cisim 1gmimu dahil olmak tizere elektromanyetik dalgalar, giines 1sinim1 ve kizildtesi 1iginim kavramlarint anlama.
Yayma, yutma, yansitma ve gegirgenlik gibi 1s1n1m 6zellikleri kavramlarini anlama. Siyah ve gri yiizeyler arasindaki 1s1l 1s1n1im hesabini ve
gorme faktorii kavramini anlama becerilerini kazanir.




Students who pass the course will be able to
I.To understand the physical concepts and laws of energy balance, heat transfer types, and related material properties
II. To understand the concepts of one-dimensional and multi-dimensional; steady and unsteady state conduction heat
transfer, and relevant boundary and initial conditions.
III. To use analytical and numerical solution techniques in solving specific heat conduction problems, including heat
generation and extended surfaces (fins).
IV. To use analytical and graphical (temperature charts) solution techniques in solving specific transient heat conduction
problems, including lumped and one-dimensional systems.
V. To understand the physical concepts, laws and governing equations of convection heat transfer. Understand the
analysis of convection heat-transfer problems for laminar and turbulent flows in internal and external configurations,
including the basics of the boundary layer concept. Learn to select and use of various empirical correlations for
dimensionless and dimensional convection heat transfer coefficients.
VI. To learn concept of temperature-dependent buoyancy which causes natural free convection, and understand the
dimensionless Grashof number used in correlations for free convective heat transfer calculations.
VIL To understand the physical concepts of electromagnetic waves, solar and infrared radiation, including laws for black
body and gray body radiation. Understand the concepts of radiation properties such as emissivity, absorptivity,
reflectivity and transmissivity. Carry out thermal radiation exchange analysis between black and gray surfaces and
understand the view factors concept.

Ders Kitab Heat and Mass Transfer, A Practical Approach, Third Edition (SI Units), Y.A. Cengel,
(Textbook) McGraw-Hill, 2006.

Diger Kaynaklar Introduction to Heat Transfer, F.P. Incropera and D.P. DeWitt, 2™ Edition, John Wiley
(Other References) &Sons, 1990.

Fundamentals of Heat and Mass Transfer, F.P. Incropera and D.P. DeWitt, 4" Edition,
John Wiley, 1996.

Heat Transfer, ].P.Holman, 8" ed., McGraw-Hill, 1997.

Heat Conduction, S. Kaka¢, Y.Yener, Hemisphere Publ., 1985.

Conduction Heat Transfer, V.S. Arpaci, Addison-Wesley, 1966.

Heat Transfer, M.N.Ozisik, McGraw-Hill, 1989.

Thermal Radiation Heat Transfer, R. Siegel, J.R. Howell, McGraw-Hill, 1981.

Heat Transfer, A Practical Approach, Y.A. Cengel, McGraw-Hill, 1998.

Odevler ve Projeler

(Homework & Projects

En az dort 6dev verilecektir.

Minimum four homework sets will be assigned.

Laboratuar Uygulamalari

(Laboratory Work)

Bilgisayar Kullanim

(Computer Use)

Diger Uygulamalar

(Other Activities)

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler Adedi Degerlendirmedeki Katkisi, %
(Activities) (Quantity) (Effects on Grading, %)
Y1l i¢i Smavlan 1 % 35
(Midterm Exams) 1 35 %

Kisa Sinavlar

(Quizzes)

Odevler 4 % 10
(Homework) 4 10 %

Projeler

(Projects)

Dénem Odevi/Projesi

(Term Paper/Project)




Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar

(Other Activities)

Final Sinavi 1 % 55
(Final Exam) 1 55 %

DERS PLANI

Dersin
Hafta Konular Ciktilar
1 Giris ve Temel Kavramlar: Termodinamik ve 1s1 transferi, miihendislikte 1s1 transferi, 1s1 ve diger enerji 1
formlari, termodinamigin birinci yasasi
2 Is1 Transferi Mekanizmalari: {letim, tasinim ve 151m1m, 1s1minun tagimim ve iletimle birarada gerceklesmesi I-11
3 Isi Tletim Denklemi: Bir boyutlu 1s1 iletim denklemi, genel 1s1 iletim denklemi, smir ve baslangig sartlart, I-1II
stirekli bir boyutlu 1s1 ge¢is problemlerinin ¢dziimii,katilarda 1s1 iiretimi, degisken 1s1l iletkenlik
4 Stirekli Is1 iletimi: Diizlem duvarda siirekli 1s1 iletimi, temas direnci, genellestirilmis 1s1l direng aglari, I-I1
silindir ve kiirede 1s1 iletimi, kritik yaliim kalinlig1
5 Siirekli Is1 iletimi: Kanath yiizeylerden 1s1 gegisi, iki ve {i¢ boyutlu 1s1 iletimi I-1II
6 Zamana Bagli Is1 Iletimi: Toplam kiitle yaklasimu, biiyiik diizlem duvar, uzun silindir ve kiirede uzamsal v
etkilerle beraber zamana bagli 1s1 iletimi
7 Zamana Bagli Is1 Iletimi:Yar1 sonsuz katilarda zamana bagli 1s1 iletimi, cok boyutlu sistemlerde zamana v
bagl 1s1 iletimi
8 Tasimimin Temelleri: Taginimin fiziksel mekanizmasi, akigkan akiglarinin sinflandirilmasi, hiz sinir tabakasi, \'%
1s1l siir tabaka, laminer ve tiirbiilansh akis, tiirbiilansli akista 1s1 ve momentum gegisi, diferensiyel taginim
denkleminin eldesi
9 Taginimin Temelleri: Diizlem levha i¢in taginim denklmelerinin ¢6ziimii, boyutsuz taginim denklemleri ve \"
benzerlik, siirtiinme taginim katsayilarinin fonksiyonel sekilleri, momentum ve 1s1 gegisi arasinda analoji
10 Zorlanmis Tagimim:Di1g Akis, Dis akista siiriiklenme ve 1s1 transferi, diizlem duvarda paralel akis, silindir ve \"
kiire etrafindaki akis, boru demeti iizerindeki akis
11 Zorlanmis Tasinim: I¢ Akis, Ortalama hiz ve sicaklik, giris bolgesi, genel 1s1 analizi \
12 Zorlanmus Tasinim: I¢ Akis, Borularda laminer ve tiirbiilansh akis v
ARA SINAV
13 Dogal Tasinim: Dogal tasinimin fiziksel mekanizmasi, hareket denklemi ve Grashof sayisi, yiizeyler VI
iizerinde dogal taginim, kanath yiizeylerde dogal taginim, kapali hacimlerde dogal taginim, birlesik dogal ve
zorlanmig taginim
14 Isinimla Is1 gecisi: Isil 1ginimin temelleri, siyah ve esit dagili yayan gri yilizeylerde 1g1nmla 1s1 gecisi VII
COURSE PLAN
Course
Weeks Topics Outcomes
1 Introduction and Basic Concepts: Thermodynamics and heat transfer, engineering heat transfer, heat 1
and other forms of energy, the first law of thermodynamics
2 Heat Transfer Mechanisms: Conduction, convection and radiation, simultaneous heat transfer I-1I
3 Heat Conduction Equation: One-Dimensional heat conduction equation, general heat conduction I-111
equation, boundary and initial conditions, solution of steady one-dimensional heat conduction
problems, heat generation in a solid, variable thermal conductivity
4 Steady Heat Conduction: Steady heat conduction in plane walls, thermal contact resistance, I-1IT
generalized thermal resistance networks, heat conduction in cylinders and spheres, critical radius of
insulation
5 Steady Heat Conduction: Heat transfer from finned surfaces, heat transfer from common I-111
configurations
6 Transient Heat Conduction: Lumped system analysis, Transient heat conduction in large plane walls, v
long cylinders and spheres with spatial effects
7 Transient Heat Conduction: Transient heat conduction in semi-infinite solids, Transient heat v
conduction in multidimensional systems
8 Fundamentals of Convection: Physical mechanism of convection, classification of fluid flows, velocity \Y
boundary layer, thermal boundary layer, laminar and turbulent flows, heat and momentum transfer in
turbulent flow, derivation of differential convection equation
9 Fundamentals of Convection: Solution of convection equations for a flat plate, nondimensionalized v

convection equations and similarity, functional forms of friction and convection coefficients, analogies




between momentum and heat transfer

10

External Forced Convection: Drag and heat transfer in external flow, parallel flow over flat planes,
flow across cylinders and spheres, flow across tube banks

11

Internal Forced Convection: Average velocity and temperature, the entrance region, general thermal
analysis

12

Internal Forced Convection: Laminar flow in tubes, turbulent flow in tubes
MID-TERM EXAM

13

Natural Convection: Physical mechanism of natural convection, equation of motion and Grashof
number, natural convection over surfaces, natural convection from finned surfaces, natural convection
inside enclosures, combined natural and forced convection

VI

14

Radiation Heat Transfer: Fundamentals of thermal radiation, radiation heat transfer: black surfaces,
diffuse and gray surfaces

VIL

Dersin Gemi Insaati ve Gemi Makinalar1 Miihendisligi Programiyla iliskisi

Ogrencilere ait ciktilar

Katki
Seviyesi

1

2

3

Matematik, fen bilimleri ve kendi dallar ile ilgili miihendislik konularinda yeterli bilgi birikimi.

X

Miihendislik problemlerinin incelenmesi icin deney tasarlama, deney yapma, veri toplama,
sonuglari analiz etme ve yorumlama becerisi.

X

Bir sistemi ya da bilesenini veya siireci, gercekei kisitlar ve kosullar altinda, belirli gereksinimleri
kargilayacak sekilde tasarlama becerisi; bu amagla modern tasarim yontemlerini uygulama
becerisi. (Gergekgei kisitlar ve kosullar tasarimin niteligine gore, ekonomi, ¢evre sorunlari,
stirdiiriilebilirlik, tretilebilirlik, etik, saglik, giivenlik, sosyal ve politik sorunlar gibi 6geleri
icerirler.)

Cok disiplinli takimlarda etkin bigimde ¢aligabilme becerisi.

Miihendislik problemlerini saptama, tanimlama, formiile etme ve ¢c6zme becerisi.

Mesleki ve etik sorumluluk bilinci.

SozIi ve yazili etkin iletisim kurma becerisi.

e |- | &

Miihendislik uygulamalarinin evrensel ve toplumsal boyutlarda saglik, ¢cevre ve giivenlik
iizerindeki etkileri ile cagin sorunlar1 hakkinda bilgi; mithendislik ¢6ziimlerinin hukuksal sonuglari
konusunda farkindalik.

Yagam boyu 6grenmenin gerekliligi bilinci; bilgiye erigebilme, bilim ve teknolojideki gelismeleri
izleme ve kendini siirekli yenileme becerisi.

Giincel ve ¢cagdas konular hakkinda bilgi sahibi olma

Miihendislik uygulamalari igin gerekli olan modern teknik ve araglari gelistirme, segme ve
kullanma becerisi.

Akigkanlar mekanigi, yap1 mekanigi, malzeme ve enerji/sevk sistemleri ile ilgili temel bilgileri
deniz tasitlarinin tasariminda uygulama becerisi

1: Az, 2. Kismi, 3. Tam

Relationship between the Course and Naval Architecture and Marine Engineering Engineering Curriculum

Student Outcomes

Level of
Contribution

1

2

3

An ability to apply knowledge of mathematics, science and engineering

X

An ability to design and conduct experiments, as well as to analyze and interpret data X

An ability to design a system, component, or process to meet desired needs within realistic
constraints such as economic, environmental, social, political, ethical, health and safety,
manufacturability, and sustainability

An ability to function on multidisciplinary teams X

An ability to identify, formulate, and solve engineering problems

An understanding of professional and ethical responsibility




An ability to communicate effectively X

The broad education necessary to understand the impact of engineering solutions in a global, X
economic, environmental, and societal context

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

A knowledge of contemporary issues X

An ability to use the techniques, skills, and modern engineering tools necessary for engineering
practice

An ability to apply basic knowledge of fluid mechanics, structural mechanics, material X
properties, and energy/propulsion systems in the context of marine vehicles

1: Little, 2. Partial, 3. Full

Diizenleyen (Prepared by) Tarih (Date) Imza (Signature)
23.03.2016
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