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Dersin I¢erigi

(Course Description)

Petrol ve dogal gaz sistemlerinin genel faz davranisi; Birinci ve ikinci kanunlar; Termodinamik prosesler;
Acik sistemler igin kiitle ve enerji dengesi; Saf bilesenlerin PVT davranigi; Esdeger durumlar yasasi;
Durum denklemleri; Buhar basinci, hidrokarbon gazlar igin z-faktoérii, entalpi, entropi ve 1s1 kapasitesi
korelasyonlar;; Homojen fazlar i¢in temel ozellik iliskileri; Artik 6zelliklerin hesaplanmasi yontemleri;
Joule-Thomson etkisi; VLE i¢in basit modeller; Karigimlar igin temel 6zellik iligkileri, kimyasal potansiyel
ve faz dengesi, kismi 6zellikler; Fugasitenin tanimi ve fugasite katsayisi; Ideal karistm modelleri; Buhar-
stvt dengesinin modellenmesi; CCE, CVD ve diferansiyel buharlasma prosesleri.

General phase behavior od petroleum and natural gas systems; First and second laws of thermodynamics;
Thermodynamic processes; Mass and energy balance for open systems; PVT behavior of pure components;
Corresponding states law; Equations of state; Vapor pressure, z-factor for hydrocarbon gases, enthalpy,
entropy and heat capacity correlations; Property relations for homogeneous phases; Residual properties;
Joule-Thomson effect; Simple models for VLE; Property relations for mixtures, chemical potential and
phase equilibrium, partial properties; Definition of fugacity and fugacity coefficient; Models for ideal
mixtures; Modeling of vapor-liquid equilibrium; CCE, CVD and differential vaporization processes.

Dersin Amaci

(Course Objectives)

1. Termodinamigin temel kavramlarini aktarmak;

2. Petrol ve dogal gazi olusturan saf bilegenlerin ve hidrokarbon karigimlari faz davranislari konusunda
bilgi vermek;

3. Acik ve kapali sistemler i¢in enerji ve kiitle dengesinin gelistirilmesi ;

4. Termodinamik biiyiikliiklerin durum denklemleri ve korelasyonlar kullanilarak nasil

hesaplanabileceginin dgretilmesi;

Kimyasal potansiyel, fugasite, fugasite katsayisi kavramlarinin anlatilmast;

6. Petrol ve dogal gaz rezervuarlarini modellemede kullanilan prosesler konusunda &grenciyi
bilgilendirmek.
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To introduce basic concepts of thermodynamics;

To introduce phase behavior of pure and mixtures of hydrocarbons;

To demonstrate how to write energy and mass balances for open and closed systems;

To show how to predict thermodynamic properties using equation of state and correlations;
To explain chemical potential, fugacity, and fugacity coefficient;

To introduce processes used in petroleum and natural gas reservoir modeling.

Sk W=

Dersin Ogrenme
Ciktilar

(Course Learning
Outcomes)

Bu dersi basariyla tamamlayan yiiksek lisans 6grencileri asagidaki konularda bilgi, beceri ve yetkinlik
kazanirlar;
I. Termodinamigin temel kavramlari;

II. Saf hidrokarbonlarin ve hidrokarbon karigimlarin faz davranisi;

III. Termodinamik sistemler igin enerji ve kiitle dengesi;
IV. Durum denklemleri ve korelasyonlar kullanarak termodinamik biiyiikliiklerin hesaplanmas;

V. VLE i¢in basit modeller;
VI. Kimyasal potansiyel, fugasite ve fugasite katsayist kullanarak buhar-sivi dengesinin belirlenmesi;
VII. Petrol ve dogal gaz akiskanlarinin iiretilmesi sirasinda karsilagilan prosesler.

M.Sc. students who successfully pass this course gain knowledge, skill and competency in the following
subjects;
I. Basic concepts of thermodynamics;

II. Phase behavior of pure and hydrocarbon mixtures;

III. Energy and mass balances for thermodynamic systems;
IV. Prediction of thermodynamic properties using equation of state and correlations;

V. Simple models for VLE
VI. Prediction of VLE using chemical potential, fugacity and fugacity coefficient;
VIIL. Processes encountered during petroleum and natural gas production.
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Odevler ve Projeler

(Homework & Projects)

2-4 Odev, 2 Proje

2-4 Homework, 2 Projects

Laboratuar Uygulamalar

(Laboratory Work)

Bilgisayar Kullanimi

(Computer Use)

Ogrenciler ev ddevlerini ve projeleri hazirlarken yogun olarak bilgisayar
kullanacak ve FORTRAN, Visual Basic, C/C++, veya C# programlama
dillerini kullanarak kod gelistireceklerdir.

Students will use the computers extensively in their homework and
project assignments and write and execute codes in one of FORTRAN,
Visual Basic, C/C++, or C# languages.

Diger Uygulamalar

(Other Activities)

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Adedi
(Quantity)

Degerlendirmedeki
Katkisi, %
(Effects on Grading, %)

Faaliyetler
(Activities)

Y1l ici Smavlar
(Midterm Exams)

Kisa Simavlar

(Quizzes)

Odevler

(Homework) 2-4 10

Projeler

(Projects) 1-2 40

Dénem Odevi/Projesi
(Term Paper/Project)

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Simavi
(Final Exam)
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DERS PLANI

Hafta Konular Clrliflsl;tl

Termodinamigin temel kavramlari, petrol ve dogal gaz sistemlerinin genel faz

1 davranisi, termodinamigin birinci kanunu, i¢ enerji, entalpi, 1s1 kapasitesi, [
termodinamigin ikinci kanunu

5 Faz kurali, sabit hacim ve sabit basing prosesleri, agik sistemler i¢in kiitle ve LI
enerji dengesi

3 Saf bilesenlerin PVT davranisi, kritik davranis, ideal gaz, ideal gaz prosesleri I

4 Esdeger Durumlar Yasasi, virial durum denklemi, kiibik durum denklemleri state v
(vdW, RK, SRK, PR), gazlar ve sivilar i¢in genel korelasyonlar

5 Buhar basinci, hidrokarbon gazlar i¢in z-faktorii, entalpi, entropi ve 1s1 kapasitesi v
korelasyonlari ve bunlarin uygulamalari

6 Homojen fazlar i¢in temel 6zellik iligkileri -1V
Artik 6zelliler, hidrokarbon gazlar i¢in artik 6zelliklerin durum denklemleri ve z-

7 v v
faktorii korelasyonlar1 kullanilarak hesaplanmasi

8 Joule-Thomson genlesmesi ve tersinme egrisi, faz kurali ve Duhem teoremi v

9 VLE i¢in basit modeller (Dalton, Raoult ve Henry yasalari, ideal K degerleri) \%

10 Karigimlar i¢in temel 6zellik iliskileri, kimyasal potansiyel ve faz dengesi, kismi VI
ozellikler

1 Saf hidrokarbonlar ve hidrokarbon karigimlar i¢in fugasite ve fugasite VI
katsayisinin hesaplanmasi
Ideal karisim modelleri ve Lewis-Randall kurali, excess ozellikler, karisma ile

12 .. . .- . . V-VI
olusan 6zellik degisimleri

13 | Buhar- s1vi dengesinin phi/phi modellemesi VI

14 Hidrokarbonlarin CCE, CVD ve diferansiyel buharlastirma prosesleri ve bunlarin VI

modellenmesi
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COURSE PLAN

. Course
Weeks Topics Outcomes

Basic concepts of thermodynamics; general phase behavior of petroleum and

1 natural gas systems, the first law, internal energy, enthalpy, heat capacity, I
second law

5 Phase rule, constant volume and constant pressure processes, mass and energy (LI
balances for open systems

3 PVT behavior of pure substances, critical behavior, ideal gas, ideal gas I
processes

4 Theorem of corresponding states, virial equation of state, cubic equations of v
state (vdW, RK, SRK, PR), generalized correlations for gases and liquids

5 Vapor pressure, z-factor, enthalpy, entropy and heat capacity correlations for v
hydrocarbon gases and their applications

6 Property relations for homogeneous phases I-IV

- Residual properties, calculation of residual properties from equations of state v
and z-factor correlations for hydrocarbon gases

3 Joule-Thomson expansion and inversion curve, phase rule and Duhem’s v
theorem

9 Simple models for VLE (Dalton’s law, Raoult’s law, Henry’s law, ideal K v
values)

10 Fundamental property relation for solutions, chemical potential and phase VI
equilibria, partial properties

1 Fggacity and fugacity coefficient for pure hydrocarbons and hydrocarbon VI
mixtures,

1 Ideal solution model and Lewis-Randall rule, excess properties, property VoVI
changes of mixing

13 Phi/phi formulations of vapor-liquid equilibria VI

14 CCE, CVD, and differantial vaporization processes of hydrocarbons and their VII

modelling
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Dersin Petrol ve Dogal Gaz Miihendisligi Programuyla iliskisi

Programin mezuna kazandiracag bilgi, beceri ve yetkinlikler (programa
ait ciktilar)

Katki
Seviyesi

1

2

3

Lisans diizeyi yeterliliklerine dayali olarak, ilgili program alaninda bilgilerini
uzmanlik diizeyinde gelistirebilme ve derinlestirebilme (Yeterli Bilgi Birikimi)

(Bilgi).

+

il

Alaninin iligkili oldugu disiplinler arasi etkilesimi kavrayabilme (Bilgi).

iii.

Alaninda edindigi uzmanlik diizeyindeki kuramsal ve uygulamali bilgileri
kullanabilme ve alani ile ilgili karsilagilan sorunlari arastirma ydntemlerini
kullanarak ¢oziimleyebilme (Beceri).

iv.

Alaninda edindigi bilgileri farkli disiplin alanlarindan gelen bilgilerle
biitiinlestirerek yorumlayabilme, yeni bilgiler olusturabilme ve disiplinler arasi
caligmalarda kullanabilme (Beceri).

Alani ile ilgili uzmanlik gerektiren bir ¢alismay1 bagimsiz olarak yiiriitebilme ve
alani ile ilgili uygulamalarda karsilagilan karmasik sorunlarin ¢éziimii i¢in yeni
yaklagimlar gelistirebilme ve sorumluluk alarak, gerektiginde liderlik yaparak,
¢Oziim iiretebilme (Bagimsiz Calisabilme ve Sorumluluk Alabilme Yetkinligi).

vi.

Alaninda edindigi uzmanlik diizeyindeki bilgi ve becerileri elestirel bir
yaklasimla degerlendirebilme ve Ogrenmesini yonlendirebilme (Ogrenme
Yetkinligi).

vii.

Alanindaki giincel gelismeleri ve kendi calismalarini, nicel ve nitel veriler ile
destekleyerek, alanindaki ve alan digindaki gruplara, ingilizceyi en az Avrupa
Dil Portféyii B2 genel diizeyinde kullanarak, yazili, sozlii ve gorsel olarak
sistemli bigimde aktarabilme (letisim ve Sosyal Etkinlik).

viii.

Alaninin gerektirdigi diizeyde bilgisayar yazilimi ile birlikte bilisim ve iletigim
teknolojilerini ileri diizeyde kullanabilme (lletisim ve Sosyal Etkinlik).

ix.

Alani ile ilgili verilerin toplanmasi, yorumlanmasi, uygulanmasi ve duyurulmasi
asamalarinda toplumsal, bilimsel, kiiltiirel ve etik degerleri gozeterek
denetleyebilme ve ogretebilme (Alana Ozgii Etkinlik).

Alani ile ilgili konularda strateji, politika ve uygulama planlar gelistirebilme ve
elde edilen sonuglar, kalite sireleri gergevesinde degerlendirebilme (Alana
Ozgii Etkinlik).

1: Az, 2. Kismi, 3. Tam

28




Relationship between the Course and Petroleum and Natural Gas Engineering Program

Program Outcomes

Level of

Contribution

1

2

3

Based upon the undergraduate level competency, developing and intensifying
the knowledge in the program area (Knowledge).

+

ii.

Grasping the interdisciplinary interaction related to the program area
(Knowledge).

+

iii.

Ability to use the theoretical and practical knowledge, and solving the
problems in the program area thru research methods (Skill).

iv.

Ability to interpret and reach new knowledge by integrating knowledge from
the different disciplines with the related area, and to use in interdisciplinary
practices (Skill).

Conducting a specialized study within the related area independently;
developing new approaches and solutions for the complex problems within
the related area, fulfilling the leader role if necessary, while reaching results
(Competence to Work Independently and Taking Responsibility).

vi.

Ability to develop learning competence and evaluate the knowledge and skills
within the related area critically (Learning Competence).

vii.

Establishing written, oral, and visual communications systematically to
present the updated knowledge within the related area and individual practices
supported by qualitative and quantitative data, using the English language —
with at least European Language Portfolio B2 Level- if needed
(Communications and Social Competency).

viii

Ability to use high level computer and communication technologies within the
computer software required in the related area (Communications and Social
Competency).

ix.

Ability to promote and teach the social, scientific, cultural and ethical values
in the stages of gathering, interpreting, implementing, and announcing the
data within the related area (Area Specific Competency).

Developing the area-related strategic, political and implementation plans and
evaluating their results within the quality progress (Area Specific
Competency).

1: Little, 2. Partial, 3. Full

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

Senol Yamanlar 29/06/2011
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