iTO
DERS KATALOG FORMU
(COURSE CATALOGUE FORM)

Dersin Ad1 Course Name
Is1 ve Kiitle Aktarimi Heat and Mass Transfer
AKTS Ders Uygulamasi, Saat/Hafta
Kredisi Kredisi (Course Implementation, Hours/\Week)
Kodu Yariyih (Local (ECTS Ders Uygulama Laboratuvar
(Code) (Semester) Credits) Credits) (Theoretical) (Tutorial) (Laboratory)
KMM 305E 4 7 4 0 0

Boliim / Program Kimya Miih. / Kimya Miih.
(Department/Program) | (Chemical Eng. / Chemical Eng.)
Dersin Tiirii Zorunlu Dersin Dili Ingilizce
(Course Type) (Compulsory) (Course Language) (English)
Dersin Onkosullari KMM 211 min DD ve (KMM 224 min DD veya KMM 220 min DD)
(Course Prerequisites) KMM 211 min DD and (KMM 224 min DD or KMM 220 min DD)
Dersin mesleki bilesene Temel Bilim Temel Miihendislik Miihendislik Tasarim insan ve Toplum Bilim
katkisi, % (Basic Sciences) (Engineering Science) (Engineering Design) (General Education)
(Course Category . o . .
by Content, %) 100%
Dersin i¢erigi Ist aktariminin temel prensipleri. Ist iletimi esitligi. Yatigkin hal 1s1 iletimi: Direng yaklagimi, kanatgiklar.

Yatigkin olmayan hal 1s1 iletimi. Zorlanmis konveksiyon. Dogal konveksiyon. Is1 degistiricileri. Kiitle aktariminin

(Course Description) temel prensipleri. Is1 ve kiitle aktarimi arasindaki benzerlikler. Gazlarda, sivilarda ve katilarda difiizyon. Yatiskin
hal kiitle aktarimi. Yatigkin olmayan hal kiitle aktarimi. Konveksiyonla kiitle aktarimi ve kiitle aktarim katsayilari.

Reaksiyonlu kiitle aktarimi. Siirtiinme, 1s1 aktarim ve kiitle aktarim katsayilar1 arasindaki benzetisim modelleri.

Basic concepts of heat transfer. Heat conduction equation. Steady heat conduction: Resistance approach, fins.

Transient heat conduction. Forced convection. Natural convection. Heat exchangers. Basic concepts of mass

transfer. Analogy between heat and mass transfer. Diffusion in gases, liquids, and solids. Steady mass transfer.

Unsteady-state mass transfer. Mass convection and mass transfer coefficients. Mass transfer with reaction.

Analogies for friction, heat transfer and mass transfer coefficients.

1. Ogrencilere 1s1 ve kiitle aktarimimin temel prensiplerini ve terminolojisini tanitmak.

Dersin Amaci 2. Ogrencileri mithendislik alaninda veya giinliik yasamlarinda karsilastiklar1 ve 1s1 ve/veya kiitle aktarimi
igeren herhangi bir proses veya sistem igin uygun taginim olaylarini (akigkanlar mekanigi, 1s1 ve kiitle
(Course Obijectives) aktarimi) belirlemek ve agiklamak tizere egitmek.
3. Ogrencilere 1s1 ve kiitle aktarimi hiz1 veya malzemenin (kati, sivi, gaz) sicakligini ve/veya karisimlarin
derisimlerini belirlemek i¢in yapilacak hesaplamalarda gerekli girdinin nasil kullanilacagini 6gretmek.
4. Ogrencilere gercek proses ve sistemler icin temsili modellerin nasil gelistirilecegini ve ilgili analizlerden bu
proseslerin/sistemlerin tasarim ve performanslart hakkindan sonuglarin nasil ¢ikarillacagini gostermek.
5. Ogrencilere takim halinde ¢alisma deneyimi kazandirmak.
1. To introduce the terminology and the basic principles of heat and mass transfer.
2. To train students to identify and describe appropriate transport phenomena (fluid mechanics, heat and mass
transfer) for any process or system involving heat and mass transfer (in engineering and everyday life).
3. To show students how to use required inputs for computing heat and mass transfer rates and/or material
(solid, liquid, gas) temperatures and/or mixture concentrations.
4. To show students how to develop representative models of real processes and systems and draw conclusions
concerning process/systems design or performance from the related analyses.
5. To provide experience to work in teams.
Bu dersin sonunda, 6grencilerin asagidaki becerilere sahip olmasi beklenir:
Dersin Ogrenme 1. (@) iletim, konveksiyon ve radyasyonla 1s1 aktariminin; (b) difiizyon ve konveksiyonla kiitle aktarimnin
Ciktilar temel prensiplerini tanimlayabilmek, agiklayabilmek ve uygulayabilmek.

2. () Iletim, konveksiyon ve radyasyon iceren 1s1 aktarimi problemlerine ve 1s1l sistemlere enerjinin korunumu
(Course Learning yasalarini; (b) difiizyon ve konveksiyon igeren kiitle aktarimi problemlerine kiitlenin korunumu yasalarini
Outcomes) uygulayabilmek.

3. (a) Sicaklik dagilimi ve 1s1 aktarimi hizin1 hesaplamak amaciyla (kanatgiklar da dahil olmak iizere), yatiskin
ve tek yonlii 1s1 aktarim problemlerini; (b) derisim dagilimi ve kiitle aktarimi hizin1 hesaplamak amaciyla,
(reaksiyonlu sistemler de dahil olmak {izere), yatiskin ve tek yonlii kiitle aktarim problemlerini formiile
edebilmek, ¢cozmek ve sonuglari irdeleyebilmek.

4. Tek diize sicaklik dagilimina sahip sistem yaklasimini veya degiskenlerin ayirilmasi yontemini kullanarak
tek-boyutlu yatiskin olmayan 1s1 ve kiitle iletimi problemlerini degisik geometriler i¢in formiile edebilmek ve
¢ozebilmek. Sonsuz biiyiik ortamlar i¢in ayni problemleri degiskenlerin birlestirilmesi yontemini kullanarak
¢Ozebilmek.

5. Akiskan akimi ile konveksiyon 1s1 ve kiitle aktarimi arasindaki temel iligkiler konusunda bilgisini
kullanabilmek, ampirik denklemleri kullanarak (a) dogal ve zorlanmis konveksiyon 1s1 aktarim ve (b)
konveksiyon kiitle aktarim Katsayilari ile 1si/kiitle aktarim hizlarini hesaplayabilmek.

6. TIsil mithendislik cihaz ve sistemlerinin tasariminda gerekli miihendislik tasarim biyikliklerini (giig
gereksinimi, yalitim kalinligi, maliyet, ... vb.) belirleyebilmek ve miihendislik kararlari verebilmek.

7. Ist degistiricilerini boyutlandirmak (1s1 aktarim alani1 hesaplama) ve sicak ve soguk akimlarin ¢ikis
sicakliklarini belirli bir 1s1 degistiricisi i¢in hesaplayabilmek.

8. Momentum, 1s1 ve kiitle aktarimu ile ilgili benzetisimleri yapabilmek.

9. Aym disiplinden gelen insanlardan olusan bir takimin {iyesi olarak miihendislikte 1s1 ve kiitle aktarimi
problemlerini ¢dzebilmek.




Upon completion of this course, students should be able to:

1. Define, describe, and apply the basic concepts (terminology, modes and equations) of (a) conduction,
convection and radiation heat transfer and (b) diffusion and convection mass transfer.

2. (a) Apply laws of conservation of energy to thermal systems and heat transfer problems involving conduction,
radiation, and/or convection heat transfer. (b) Similarly, apply laws of mass conservation to mass transfer
problems involving diffusion and/or convection mass transfer.

3. Formulate and solve steady-state one-dimensional (a) conduction heat transfer (including fins) and (b) mass
transfer (reaction with diffusion) problems to calculate the temperature and concentration distributions and
heat and mass transfer rates, and evaluate the significance of results.

4. Formulate and solve transient one-dimensional heat conduction and mass transfer problems in different
geometries using lumped system approach or one-term approximation of separation of variables solution; and
in large mediums using similarity variable.

5. Demonstrate an understanding of the fundamentals of the relationship between fluid flow and convection heat
and mass transfer and apply empirical correlations for (a) forced and free (natural) convection heat and
(b) mass transfer to determine values for the convection heat and mass transfer coefficients and calculate heat
and mass transfer rates.

6. Determine engineering design quantities (power requirements, insulation thickness, cost, etc.) required for
design of thermal engineering devices and systems and apply engineering judgment.

7. Analyze and design heat exchangers to calculate heat transfer area and the outlet temperatures of the hot and
cold streams.

8. Apply analogies between momentum, heat, and mass transfer to calculate relevant transfer coefficients.

9. Work as a member of a team to solve heat and transfer problems in chemical engineering.

Ders Kitabi Heat and Mass Transfer, 8th Edition by Frank P. Incropera, David P. DeWitt, Theodore L. Bergman, Adrienne
(Textbook) S. Lavine, John Wiley Sons, 2017.
Diger Kaynaklar 1. Yunus A. Cengel and Afshin J. Ghajar, Heat and Mass Transfer: Fundamentals and Applications, Fifth

(Other References)

Edition, McGraw Hill, NY, 2014.
2. Geankoplis C. J, Transport Processes and Separation Process Principles, Prentice Hall, 2003.

Odevler ve Projeler

(Homework & Projects

Odev bu dersin énemli bir parcasidir. Ogrencilere dersi daha iyi anlamalari amaci ile 8-9 adet 6dev verilecek ve
bu ddevler bir hafta sonra toplanip degerlendirilecektir. Tiim ddevler {i¢ veya dort 6grenciden olusan takimlar
halinde yapilacak ve her takim adma tek bir 6dev teslim edilecektir. Takimlari dersi veren ogretim iiyeleri
olusturacaktir. Ayni takimda yer alan 6grenciler birbirlerinin takim performanslarini da degerlendireceklerdir.

Homework is a major part of this course, because the principles and concepts covered in class can only be
learned by practicing their applications. There will be 8-9 homework assignments which will be due in one week
and graded. All homework assignments will be worked on in teams of three or four, handing in one team
solution per assignment. Instructors will designate the teams. Team members will also evaluate each other with
respect to their team performances.

Laboratuar
Uygulamalar

(Laboratory Work)

YOK

NONE

Bilgisayar Kullamim

(Computer Use)

Bazi 6devler sayisal ¢oziim ve bilgisayar kullanimi gerektirebilir.

Some of the homework may require numerical solution and computer work.

Diger uygulamalar

(other activities)

Takim ¢aligmasi, sinif i¢i problem ¢6zme saati (takimlar halinde problem ¢6zme)

Team work, in-class problem solving session (solving problems as teams)

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Adedi
(Quantity)

Faaliyetler
(Activities)

Degerlendirmedeki Katkisi, %
(Effects on Grading, %)

Yil ici Smavlar

0,
(Midterm Exams) 2 50%

Kisa Sinavlar

(Quizzes)

Odevler

- 0,
(Homework) 8-9 10%

Dénem Odevi/Projesi
(Term Paper/Project)

Laboratuar Uygulamasi
(Laboratory Work)

Smnif i¢i Problem Cozme
(In-class Problem Solving)

40%
1 (min. 15/50 points from midterm exams is required
to be eligible for final exam)

Final Sinav1
(Final Exam)




DERS PLANI

Dersin
Hafta Konular Ciktilar:
1 Termodinamik ve Is1 Aktarimimin Temel Kavramlari la-2a, 9
2 Is1 Iletimi 1a-3a, 6, 9
3 Yatiskin Hal Isi iletimi: Direng Yaklasimu la-3a, 6,9
4 Yatiskin Hal Is1 iletimi: Kanatgiklar ve Yiizey Uzantilari la-33, 6, 9
5 Yatigkin Olmayan Hal Is1 Iletimi 23,4,6,9
6 Is1 Degistiriciler: LMTD Metodu la-3a, 6-7,9
7 Is1 Degistiriciler: NTU-Etkinlik Metodu la-3a, 6-7,9
ARA SINAV |
8 Zorlanmig Konveksiyon: Konveksiyonun Temelleri, Yiizeyler Uzerinde Akis, Kanal i¢i Akig la-3a, 5a, 9
9 Dogal Konveksiyon: Yiizeyler Uzerinde ve Kanal I¢i Akis la-3a, 5a, 9
10 Kiitle Aktariminin Temel Kavramlari, Is1 ve kiitle aktarimu arasindaki benzerlikler. Gazlarda, 1b-2b, 9
sivilarda ve katilarda difiizyon. Genel bilesen kiitle dengesi (siireklilik) esitligi
11 Yatiskin hal kiitle aktarimi. Reaksiyonlu kiitle aktarimi 1b-3b, 9
12 Yatigkin olmayan hal kiitle aktarima. 2b, 4,9
ARA SINAV 11
13 Konveksiyonla kiitle aktarimi ve kiitle aktarim katsayilari. 1b-3b, 5b, 9
14 Siirtiinme, 1s1 aktarim ve kiitle aktarim katsayilar1 arasindaki benzetisim modelleri. 8-9
COURSE PLAN
Course Outcomes
Weeks Topics
1 Basic Concepts of Thermodynamics and Heat Transfer la-2a, 9
2 Heat Conduction 1a-33, 6,9
3 Steady Heat Conduction: Resistance Approach 1a-3a, 6, 9
4 Steady Heat Conduction: Fins and Extended Surfaces la-3a, 6,9
5 Transient Heat Conduction 2a,4,6,9
6 Heat Exchangers: LMTD Method 1a-3a, 6-7,9
7 Heat Exchangers: NTU-Effectiveness Method la-3a, 6-7,9
EXAM-1
8 Forced Convection: Fundamentals of Convection, External Forced Convection, Internal Forced 1a-3a, 53, 9
Convection
9 Natural Convection: External and Internal 1a-3a, 5a, 9
10 Basic concepts of mass transfer. Analogy between heat and mass transfer. Diffusion in gases, 1b-2b, 9
liquids, and solids. General specie mass balance (continuity) equation
11 Steady mass transfer. Diffusion with reaction 1b-3b, 9
12 Unsteady-state mass transfer 2b, 4,9
EXAM-2
13 Mass convection and mass transfer coefficients. 1b-3b, 5b, 9
14 Analogies for friction, heat transfer and mass transfer coefficients. 8-9




Dersin Kimya Miihendisligi Programiyla iliskisi

Programin mezuna kazandiracag bilgi ve beceriler (programa ait ¢iktilar)

Katki

Seviyesi

1 2

3

Matematik, fen bilimleri, sosyal bilimler ve miihendislik bilgilerini kimya miihendisligi problemlerine
uygulayabilme becerisi

X

Kimya Miihendisligi ve ilgili alanlardaki miihendislik problemlerini saptama, tanimlama ve ¢dzme becerisi

X

Bir sistemi, sistem bilesenini ya da siireci analiz etme ve belirli gereksinimleri karsilayacak sekilde tasarlama
becerisi

Miihendislik ¢oziimlerinin saglik, giivenlik ve ¢evre lizerinde yaratacagi ulusal ve uluslararasi etkilere
duyarlilik

Deney tasarlama, veri toplama, analiz etme ve yorumlama becerisi

Modern mithendislik teknik ve araglari ile bilisim teknolojilerini etkin bir sekilde kullanma becerisi

Tek ve ¢ok disiplinli takim ¢aligmas: yiiriitme becerisi

Bireysel ¢aligsma becerisi

- Tk | =h| D

Yasam boyu 6grenmenin 6nemini benimsemis olarak, bilim ve teknolojideki gelismeleri izleyerek kendini
stirekli yenileme becerisi

Tiirkce sozlii ve yazil etkin iletisim kurma becerisi

Ingilizce sozlii ve yazili etkin iletisim kurma becerisi

Mesleki ve etik sorumluluk bilinci

Cagdas konular hakkinda bilgi sahibi olma

S (3 |=|F =

Kalite bilinci

1: Diisiik, 2. Orta, 3. Yiiksek

Relationship between the Course and the Chemical Engineering Curriculum

Program Outcomes

Level of

Contribution

1

2

3

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

X

An ability to identify, formulate, and solve engineering problems in chemical engineering and related
fields

X

An ability to design a system, component, or process to meet desired needs

The broad education necessary to understand the impact of engineering solutions, especially related to the
health, safety and environmental issues, in a global and societal context

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

—h

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

An ability to function on same- and multi-disciplinary teams

An ability to function independently

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

An ability to communicate effectively orally and in writing in Turkish

Ability to communicate effectively orally and in writing in English

An understanding of professional and ethical responsibility

A knowledge of contemporary issues

S(3B|—|xXM=|—|Tka

A knowledge and awareness of quality issues

1: Low, 2. Medium, 3. High

Diizenleyen (Prepared by) Tarih (Date) Imza (Signature)
Prof. Dr. §. Birgiil Tantekin-Ersolmaz 23.12.2020

Prof. Dr. Hiisnii Atakiil




