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Ders Uygulamasi, Saat/Hafta
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Kodu Yariyih Kredisi AKTS Kredisi Ders Uygulama | Laboratuar
(Code) (Semeste (Local (ECTS (Theoretical | (Tutorial) [ (Laboratory
r Credits) Credits) ) )
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(Department/Progr | Chemical Engineering
am)
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(Course Type) (Compulsory) (Compulsory) (Compulsory)

Dersin Onkosullar

(Course
Prerequisites)

MAT?201 veya MAT201E, veya MAT210 veya MAT210E
(MAT201 or MAT201E), (MAT210 or MAT210E)

Dersin mesleki

bilesene katkisi, %
(Course Category
by Content, %)

Temel Bilim Temel Miihendislik | insan ve Toplum
(Basic Sciences) Miihendislik Tasarim Bilim
(Engineering (Engineering (General
Science) Design) Education)
0 100 0 0

Dersin Icerigi

(Course
Description)

Modellemenin temel kavramlari ve temel kanunlar. Matematiksel model
esitliklerin tliretimi ve sinir sartlar. Model hiyerarsisi. Kimya miihendisliginde
matematiksel modelleme ornekleri. Adi diferansiyel denklem iceren modellerin
¢oziim teknikleri. Adi diferansiyel denklemlerin sayisal ¢oziimleri. Kismi
diferansiyel denklem igeren modellerin ¢6ziim teknikleri.

Basics of modeling and conservation laws. Derivation of the mathematical
models and boundary/initial conditions. Model hierarchy. Examples of
mathematical modeling in Chemical Engineering. Solution techniques to solve
ODEs. Numerical solutions for ODEs. Solution techniques to solvee PDEs.

Dersin Amaci

(Course Objectives)

1. Kimya Miihendisliginde modelleme problemlerinin saptanmasi ve analiz

edilmesinde 6grencilerin egitilmesi.

Kimya Miihendisliginde bir sistemin ya da prosesin davraniginin matematiksel

olarak tasvir edilmesi ve problemdeki onemli degiskenlerin saptanmasinda

ogrencilerin egitilmesi.

. Kimya Miihendisliginde karsilagilan problemlerin tiiriine 6zgii denklemlerin
¢ozlilmesi i¢cin matematiksel yontemlerin hakkinda bilgi sahibi olunmasi.

. Ogrencilerin hesaplama yeteneklerinin model denklemlerin ¢dziimiinde
kullanilacak bilgisayarda kodlama ve yazilim ile gelistirilmesi.

. Ogrencilere miihendislik bilgilerinin bir modeli degerlendirmek, dogrulamak
ve tutarligini test etmekte nasil kullanilacaginin gosterilmesi.

. Takim ¢alismas1 deneyimi kazandirmak.

2.




5.

6.

To train students to identify and analyze modeling problems encountered in
chemical engineering.

To train students to develop a mathematical representation of the behavior of
a system or process in chemical engineering and identify important
parameters of the problem.

To train students to acquire knowledge of the mathematical techniques
required to solve the equations specific to the type of problems encountered
in chemical engineering.

To develop the computing skills of students by providing practice with
computer programming and the use of computer software that can be used in
the solution of model equations.

To show students how to use their engineering background to evaluate,
verify, and check the consistency of a model.

To provide experience to work in teams.

Dersin Ogrenme
Ciktilan

(Course Learning
Outcomes)

Bu dersin sonunda, 6grencilerin asagidaki becerilere sahip olmasi beklenir:

1.

2.
3.

4.

Modellenecek bir sistem veya prosesi analiz etmek, geometrik, fiziksel ve
kimyasal niceligi tanimlamak.

Sistemin 6nemli degiskenlerinin ve parametrelerini segmek.

Kimya Miihendisligindeki bir sistem veya prosesin model denklemlerinin
tiiretilmesi i¢in korunum yasalarini uygulamak.

Tiiretilmis diferansiyel denklemleri ¢ozmek i¢in gerekli ilk ve sinir sartlar
yazmak.

. Problemde bagiml1 degiskenlerin beklenen davranislarinin bir taslagini

cizebilmek.

. Coziim yontemlerini arastirmak ve elde edilen denklem ve makul bir nihai

¢oziim elde etmek i¢in kabaca tahminleri gézden gegirmek.

. Kimyasal sistemlerin veya proseslerin modellenmesinde elde edilen ADD ve

KDDlerin ¢6ziilmesi i¢in uygun analitik ve/veya sayisal yontemleri kullanmak

. ADD ve KDDlerin ¢oziimii i¢in iiniversite tarafindan saglanan bilgisayar

programlar1 ve yazilimlar1 kullanmak.

. Matematiksel modelleme problemlerini ¢6zmek i¢in ayn1 disiplinden takim

arkadaslari ile birlikte caligmak.

Upon completion of this course, a student should be able to:

1.

N

Analyze the system or process to be modeled and define geometrical,
physical, and chemical quantities.

Select important variables and parameters of the system.

Apply conservation laws to produce model equations for a system or process
in chemical engineering.

Write appropriate initial and boundary conditions for the differential model
equations developed.

Draw a sketch of the expected behavior of the dependent variables of the
problem.

Search out solution methods, and consider possible approximations for the
defining equation and an acceptable final solution.

Solve the ODEs and PDEs encountered in modeling of chemical systems or
processes by using appropriate analytical and/or numerical methods.

Use computer programming and mathematical software available in the
university computer center to solve ordinary and partial differential
equations.

Work as a team member in the same discipline to solve mathematical
modeling problems in chemical engineering.

Ders Kitabi
(Textbook)

Applied Mathematics and Modeling for Chemical Engineers, R. C.
Rice and D. D. Do, John Wiley, 1995.

Diger Kaynaklar

1. Conservation Equations and Modeling of Chemical and




(Other References)

Biochemical Processes, S.S.E.H. Elnashaie, P. Garhyan, CRC, NY,
2003.

2. Transport Phenomena, B.R. Bird, W.E. Stewart and E.N. Lightfoot,
2" Ed., John Wiley, NY, 2002.

3. Process Modeling and Model Analysis, K. Hangos and I. Cameron,
Academic Press, London, 2001.

4. Process Modeling, Simulation and Control for Chemical Engineers,
W.L. Luyben, 2" Ed., McGraw Hill, NY, 1990.

5. Advanced Engineering Mathematics, E. Kreyszig, 8" Ed., John
Wiley, NY, 1999.

6. Numerical Methods Using MATLAB, G. Lindfield and J. Penny
Ellishorwood, Prentice Hall, NY, 1995.

7. Mathematical Methods in Chemical Engineering, V.G. Jenson and
G.V. Jeffreys, 2" Ed., Academic Press, NY, 1977.

Odevler ve Projeler
(Homework & Projects)

Donem boyunca toplam 8 adet 6dev verilecektir. Bu 6devlerin bir
kismu bilgisayar 6devi olacaktir.

A total of 8 homework assignments will be given during the semester.
Some of the homework will include computer assignments.

Laboratuar Uygulamalar:
(Laboratory Work)

YOK
NO

Bilgisayar Kullanimi
(Computer Use)

Bilgisayar kullanim1 zorunludur.

Computer use in this course is compulsory.

Diger Uygulamalar
(Other Activities)

Siif i¢i problem ¢6zme saati (dort kisilik takimlar halinde problem
¢ozme, ders saati sonunda ¢ozlimler toplanip degerlendirilmektedir)

In-class problem solving session (solving problems in teams of two,
team solutions are collected at the end of the session and graded)

Basar1 Degerlendirme
Sistemi
(Assessment Criteria)

Faaliyetler Adedi Degerlendirmedeki

(Activities) (Quantity) Katkisi, %
(Effects on Grading, %0)

Y1l i¢i Sinavlar 2 40

(Midterm Exams)

Kisa Sinavlar 0 0

(Quizzes)

Odevler 8 10

(Homework)

Projeler 0 0

(Projects)

Dénem Odevi/Projesi 0 0

(Term Paper/Project)

Laboratuar Uygulamasi 0 0

(Laboratory Work)

Diger Uygulamalar 8 10

(Other Activities)

Final Sinawvi 1 40

(Final Exam)




DERS PLANI

Dersin
Hafta Konular Ciktilan
1 Modellemenin temel ilkeleri 1-9
Kiitlenin korunumu kanunu ile model denklemlerin tiiretilmesi. Makroskopik
2 kiitle denkligi. Mikroskopik kiitle denkligi. Kiitlenin taginiminda ilk ve sinir 1-7,9
sartlart. Ornekler.
Enerjinin korunumu kanunu ile model denklemlerin tiiretilmesi. Makroskopik
3 enerji denkligi. Mikroskopik enerji denkligi. Isinin tasiniminda ilk ve sinir 1-7,9
sartlar1. Ornekler.
Momentumun korunumu kanunu ile model denklemlerin tiiretilmesi.
4 Makroskopik momentum denkligi. Mikroskopik momentum denkligi. 1-7,9
Momentumun tasiniminda ilk ve smir sartlari. Ornekler.
5 Hiyerarsik modelleme 1-7,9
ADD tiireten modeller i¢in ¢6ziim teknikleri: Birinci mertebe denklemler; tam
6 diferansiyel denklemler, integrasyon faktorii yontemi, Bernoulli denklemi. 1-7,9
Ornekler.
7 ADD tiireten modeller i¢in ¢dziim teknikleri: Ikinci mertebe denklemler; genel 1.7 9
¢Oziim, 6zel ¢6zim ’
8 Belirsiz katsayilar yontemi. Parametrelerin degisimi yontemi. Ornekler. 1-7,9
Kimya Mihendisligi problemlerinin modellenmesinde eszamanli korunum
9 kanunlarinin kullanilmasi. ADDlerin sayisal yontemleri: Birinci mertebe 1-9
denklemler; Euler yontemi, Runge-Kutta yontemi, ¢ok-adimli ydntem.
Ornekler.
10 ADDlerin sayisal ¢dziimleri: Yiksek mertebeli denklemler; baslangic deger 1-9
problemleri, sinir sartlar1 problemleri. Shooting/tahmin yontemi. Ornekler.
Yiiksek mertebeli ADDlerin sayisal ¢oziimleri: Sonlu farklar yontemi.
11 - 1-9
Ornekler.
KDD tiireten modeller i¢in ¢oziim teknikleri: Degiskenlerin birlesimi yontemi.
12 - 1-7,9
Ornekler.
KDD tiireten modeller i¢in ¢oziim teknikleri: Degiskenlerin ayrilmasi
13 .. - 1-7,9
yontemi. Ornekler.
14 | KKDDlerin sayisal ¢oziimleri: Sonlu farklar yontemi 1-9
COURSE PLAN
. Course
Weeks Topics Outcomes
1 Basics of modeling 1-9
Derivation of model equations by using mass conservation law.
2 Macroscopic mass balance. Microscopic mass balance. Initial and boundary 1-7,9
conditions in mass transfer. Related examples.
Derivation of model equations by using energy conservation law.
3 Macroscopic energy balance. Related examples. Microscopic energy 1-7,9
balance. Initial and boundary conditions in heat transfer. Related examples
Derivation of model equations by using momentum conservation law.
Macroscopic momentum balance. Related examples. Microscopic
4 S o\ . 1-7,9
momentum balance. Initial and boundary conditions in momentum transfer.
Related examples
5 Model hierarchy. 1-7,9
5 Solution techniques for models yielding ODEs: First order equations; exact 179

equations, integration factor method, Bernoulli equation. Related examples.




Solution techniques for models yielding ODEs: Second order equations;

7 . . ; 1-7,9
general solution, particular solution

8 Method of undetermined coefficients. Method of variation of parameters. 1-7 9
Related examples. ’
Modeling of chemical engineering problems by using simultaneous

9 conservation laws. Numerical solution of ODEs: First order equations; Euler 1-9
method, Runge-Kutta method, multi-step method. Related examples
Numerical solution of ODESs: Higher order equations; initial value problems,

10 boundary value problems. Numerical solution of higher order ODEs: 1-9
Shooting method. Related examples.

11 Numerical solution of higher order ODEs: Finite difference method. Related 1-9
examples

1p | Solution techniques for models yielding PDEs: Combination of variables 1.7 9
method (COV). Related examples ’

13 Solution techniques for models yielding PDEs: Separation of variables 179
method (SOV): Related examples ’

14 Numerical solution of PDEs: Finite difference method 1-9




Dersin Kimya Miihendisligi Programyla iliskisi

Katki
Programin mezuna kazandiracag bilgi ve beceriler (programa ait ¢iktilar) Seviyesi
1123
1 Matematik, fen bilimleri, sosyal bilimler ve miihendislik bilgilerini kimya X
mithendisligi problemlerine uygulayabilme becerisi
2 Kimya Miihendisligi ve ilgili alanlardaki miihendislik problemlerini saptama, X
tanimlama ve ¢dzme becerisi
3 Bir sistemi, sistem bilesenini ya da siireci analiz etme ve belirli gereksinimleri
karsilayacak sekilde tasarlama becerisi
4 Miihendislik ¢ozlimlerinin saglik, glivenlik ve cevre lizerinde yaratacagi ulusal
ve uluslararas etkilere duyarlilik
5 Deney tasarlama, veri toplama, analiz etme ve yorumlama becerisi
6 Modern miihendislik teknik ve araglart ile bilisim teknolojilerini etkin bir sekilde X
kullanma becerisi
7 Tek ve ¢ok disiplinli takim ¢aligmasi yiirlitme becerisi X
8 Bireysel caligsma becerisi
9 Yasam boyu O6grenmenin 6nemini benimsemis olarak, bilim ve teknolojideki
gelismeleri izleyerek kendini siirekli yenileme becerisi
10 | Tirkce sozlii ve yazili etkin iletisim kurma becerisi
11 | Ingilizce sozlii ve yazil etkin iletisim kurma becerisi
12 | Mesleki ve etik sorumluluk bilinci
13 | Cagdas konular hakkinda bilgi sahibi olma
14 | Kalite bilinci
1: Az, 2. Kismi, 3. Tam
Relationship between the Course and the Chemical Engineering Curriculum
Level of
Program Outcomes Contribution
1 2] 3
1 an ability to apply knowledge of mathematics, science, and engineering to X
chemical engineering problems
5 an ability to identify, formulate, and solve engineering problems in chemical X

engineering and related fields

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

the broad education necessary to understand the impact of engineering
4 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

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

6
7 an ability to function on same- and multi-disciplinary teams X
8 an ability to function independently

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

10 | an ability to communicate effectively orally and in writing in Turkish

11 | an ability to communicate effectively orally and in writing in English

12 | an understanding of professional and ethical responsibility

13 | aknowledge of contemporary issues

14 | aknowledge and awareness of quality issues




1: Little, 2. Partial, 3. Full
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