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Dersin icerigi

(Course Description)

Gozenekli ortamin yapisi ve 6zelikleri. Biiylikliik 6l¢eginin 6nemi ve siireklilik yaklasimi. Momentum,
enerji, ve kiitle aktariminin temelleri. Navier-Stokes denklemi ve Darcy yasasinin tiiretilmesi. Go6zenekli
ve catlakli kilcal ortamlar boyunca tek ve ¢ok fazli akista momentum, enerji, ve kiitle aktarimi. Kilcal
ortamlarda siiziilim, yayinim, ve sagilim. Fick yasasi.

Structure of porous media. Significance of magnitude of scale and continuum approach. Fundamentals of
momentum, energy, and mass transport. Derivation of Navier-Stokes equation and Darcy’s law. Transport
of momentum, energy, and mass in single and multiphase flow through porous and fractured capillary
media. Filtration, diffusion, and dispersion in capillary media. Fick’s Law.

Dersin Amaci

(Course Objectives)

1. Gozenekli ve ¢atlakli ortamlar ile bu ortamlarda devinen akiskanlarin fizigine ve bunlarin modellenmesi
icin kaginilmaz olan biiyiikliik diizeyi ve 6lgegi ile siireklilik kavraminin felsefesini vermek ;

2. Gozenekli ve catlakli ortamlarin yapisini ve bu ortamlari doyuran petrol, gaz, su, ¢ozelti vb akiskanlarin
tek ve gok fazli akis devinimlerindeki momentum aktarimi ve dengesini kavratmak;

3. Gozenekli ve gatlakli ortamlar ve bu ortamlar1 doyuran petrol, gaz, su, ¢dzelti vb akiskanlar arasindaki
enerji aktarim siireglerini ve mekanizmalarini temellerini kavratmak;

4. Gozenekli ve gatlakli ortamlar ve bu ortamlart doyuran petrol, gaz, su, ¢6zelti vb akigkanlarin arasindaki
arayiizey olaylari ve kiitle aktariminin siireclerini ve mekanizmalarini kavratmaktir.

1. Delivering the philosophy for the physics of porous and fractured media and their fluids moving within,
as well as for the order of magnitude and scale and continuity indispensible for modelling of them;

2. Providing the comprehension of porous and fractured media structure and of the momentum transport
and balance in single and multiphase flow of oil, gas, water, solution, etc types of fluids saturating them;

3. Providing the comprehension of energy transport processes and mechanisms within the porous and
fractured media and their saturating fluids of oil, gas, water, solution, etc.;

4. Providing the comprehension of interfacial phenomena and mass transport processes and mechanisms
within the porous and fractured media and their saturating fluids of oil, gas, water, solution, etc.;

Dersin Ogrenme
Ciktilar

(Course Learning
Outcomes)

Bu dersi basariyla tamamlayan doktora dgrencileri asagidaki konularda bilgi, beceri ve yetkinlik
kazanirlar;
I.  Gozenekli ve catlakli ortamlar ile bunlart doyuran akigkanlarin yapilarinin, 6zeliklerinin ve
davraniglari-nin degerlendirilmesi, ¢ziimlenmesi ve birbirleri ile iligkilendirilmesi;

II.  Gozenekli ortamlarda akiskan aktariminin temel denklemleri, genel korunma ilkesi, siirekli
akigkanda momentum, kiitle ve enerji korunmasinin degerlendirilmesi, ¢dziimlenmesi ve
formiilasyonu;

III. Esyonli, esyonsiiz, tek ve ¢ok katmanli gozenekli ortamlarda homojen ve 6zdeslesmez cift fazli
akigkan deviniminin degerlendirilmesi, ¢6ziimlenmesi ve formiilasyonu;

IV. Gozenekli ortamlar ile bu ortamlar1 doyuran akiskanlar arasinda arayiizey olaylari, kilcallik, kiitle ve
enerji aktariminin degerlendirilmesi, ¢éziimlenmesi ve formiilasyonu;

V. Gozenekli ve catlakli ortamlarda akigkanlarin hidrodinamik sagilim ve yayilimlar ile, akigkan
akisinda momentum ve enerji aktariminin degerlendirilmesi, coziimlenmesi ve formiilasyonu.

Ph.D. students who successfully completed this course gain knowledge, skill and competency in the

following subjects;

I. Evaluating, analyzing, and inter-relating the structure, properties, and behavior of porous and
fractured media and the saturating fluids within;

II. Evaluating, analyzing, and formulating the fundamental equations of fluid transport, general principle
of conservation, and the conservation of momentum, mass, and energy in fluid continuum in porous
media;

III. Evaluating, analyzing, and formulating the flow of homogeneous and immiscible two-phase fluid
motion in isotropic, anisotropic, single and multi-layered porous media;

IV. Evaluating, analyzing, and formulating the interfacial phenomena, capillarity, mass and energy
transport between the porous media and fluids saturating them;

V. Evaluating, analyzing, and formulating the momentum and energy transport in fluid flow and the
hydrodynamic dispersion and diffusion of fluids in porous and fractured media.
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Odevler ve Projeler

(Homework & Projects)

Donem boyunca 4-6 adet 6dev ve 1 donem projesi verilecektir.

Through the semester, 4-6 home works and 1 term project will be assigned.

Laboratuar Uygulamalar:

(Laboratory Work)

Bilgisayar Kullanimi

En az bir 6devde bilgisayar programlamasi istenecektir.

(Computer Use) Computer programming will be required in at least one home work.
Diger Uygulamalar Doénem projesinin sinif 6niinde sunumu istenecektir
(Other Activities) Presentation of the term project before the class will be required.

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler
(Activities)

Adedi*
(Quantity)

Degerlendirmedeki
Katkisi, %
(Effects on Grading, %)

Y1l ici Smavlar
(Midterm Exams)

1

20

Kisa Simavlar

(Quizzes)

Odevler
(Homework)

4-6

20

Projeler
(Projects)

Donem Odevi/Projesi
(Term Paper/Project)

20

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Sinav1
(Final Exam)

40

150




DERS PLANI

Hafta Konular C?Egsl:;l
1 Gozenekli ortamlar ve icerdikleri akiskanlar. Olgek biiyiikliigii ve siireklilik yaklagimu. I
) Gozenek ve tanecik ve boyutu dagilimi, gdzeneklilik, catlaklar ve kanallar, tortuosite, I
kilcallik, 1slatimhilik, gegirgenlik, yogunluk, viskozite, sikigtirabilirlik.
3 Basing, potansiyel, akiskan siitunu. I
4 Gozenekli ortamda akigkan aktariminin temel denklemleri. Genel korunma ilkesi. I 11
5 Siirekli akiskanda kiitle, momentum ve enerji korunmasi. I, 11
6 Navier-Stokes denklemleri. Devinim denklemi. Dolanbaglik ve gegirgenlik. I, 11
7 Homojen bir akigkanin devinim denklemi. Genel Darcy yasasi ve tiiretimleri. I-11
8 Es yonlii ve es yonsiiz gozenekli ortam. Katmanl gdzenekli ortam. -1
9 Ozdeslesmez cift faz akis ve dteleme. I-1II
10 Arayiizey olaylari, 1slatimlilik, kilcallik ve kilcal basing. I-1v
11 Yeriginde 1s1 akis1 ve 1s1 akist. iletim ve tasinim ile enerji aktarimu. LIL IV
12 Fick yasasi. Hidrodinamik sagilim ve yayilim. ILIV,V
13 Sinirlayici yiizeylerden enerji ve kiitle aktarimai. ILIV,V
14 Catlakli ortamlarda akigkan akisinda momentum ve enerji aktarimai. I, 1V, V
COURSE PLAN
Course
Weeks Topics QOutcomes
1 Porous media and fluids it contains. Order of magnitude and continuity approach. I
) Pore and particle size distribution, porosity, fractures and channels, tortuosity, I
capillarity, wettability, permeability, density, viscosity, compressibility.
3 Pressure, potential, and fluid head. I
4 F updgmental fluid transport equations in porous media. General conservation LI
principle. ’
5 Momentum, mass, and energy conservation in fluid continuum. I, II
6 Navier-Stokes equations. Equation of motion. Tortuosity and permeability. LI
7 Equation of motion of a homogeneous fluid. General Darcy’s law and its derivations. I-11I
8 Isotropic and anisotropic porous media. Layered porous media. I-11
9 Immiscible two-phase flow and displacement. [-1II
10 Interfacial phenomena, wettability, capillarity, and capillary pressure. I-1v
11 Heat flow and heat flux in Earth. Energy transport by conduction and convection. LI, IV
12 Fick’s law. Hydrodynamic dispersion and diffusion. ILIV,V
13 Energy and mass transport through bounding surfaces. IL IV, V
14 Momentum and energy transport in fluid flow through fractured media. ILIV,V
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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

Yiiksek lisans diizeyi yeterliliklerine dayali olarak, alanindaki giincel ve ileri
diizeydeki bilgileri 6zgiin diisiince ve/veya arastirma ile uzmanlik diizeyinde
gelistirebilme, derinlestirebilme ve alanina yenilik getirecek 6zgiin tanimlara
ulagabilme (Bilgi).

il

Alaninin iligkili oldugu disiplinlerarasi etkilesimi kavrayabilme; yeni ve
karmagik fikirleri analiz, sentez ve degerlendirmede uzmanlik gerektiren
bilgileri kullanarak 6zgiin sonuglara ulasabilme (Bilgi).

iii.

Alanindaki yeni bilgileri sistematik bir yaklasimla degerlendirebilme ve
kullanabilme, yeni ve karmasik diislincelerin elestirel analizini, sentezini ve
degerlendirmesini yapabilme, arastirma yontemlerini kullanabilme (Beceri).

iv.

Alanina yenilik getiren, yeni bir diisiince, yontem, tasarim ve/veya uygulama
gelistirebilme ya da bilinen bir diislince, yontem, tasarim ve/veya uygulamayi
farkli bir alana uygulayabilme, 6zgiin bir konuyu arastirabilme, kavrayabilme,
tasarlayabilme, uyarlayabilme, uygulayabilme ve bagimsiz olarak
gerceklestirerek alanindaki ilerlemeye katkida bulunabilme (Beceri ve
Bagimsiz Caligabilme).

Alani ile ilgili en az birer adet bilimsel makaleyi ulusal ve uluslararasi hakemli
dergilerde yayinlayarak alanindaki bilginin sinirlarini genisletebilme (Bagimsiz
Calisabilme ve Sorumluluk Alabilme Yetkinligi).

vi.

Ozgiin ve disiplinlerarasi sorunlarmn ¢dziimlenmesini gerektiren ortamlarda
liderlik yapabilme (Bagimsiz Calisabilme ve Sorumluluk Alabilme Yetkinligi).

vii.

Yaratici ve elestirel diisiinme, sorun ¢ézme ve karar verme gibi iist diizey
zihinsel siirecleri kullanarak alani ile ilgili yeni diislince ve yontemler
gelistirebilme (Ogrenme Yetkinligi).

viii.

Uluslararasi platformlarda, uzman kisiler ile alanindaki konularin
tartisilmasinda 6zgiin goriislerini savunabilme ve alanindaki yetkinligi gdsteren
etkili bir iletisim kurabilme (iletisim ve Sosyal Etkinlik).

ix.

Bir yabanci dili en az Avrupa Dil Portfoyii C1 Genel Diizeyi’nde kullanarak
ileri diizeyde yazil1, sézlii ve gorsel iletisim kurabilme ve tartisabilme (Iletisim
ve Sosyal Etkinlik).

Alanindaki bilimsel, teknolojik, sosyal, kiiltiirel ve etik sorunlarin ¢éziimiine
katkida bulunabilme, bu degerlerin gelisimini destekleyebilme, ilerlemeleri
tanitarak yasadigi toplumun bilgi toplumu olma ve bunu siirdiirebilme stirecine
katkida bulunabilme (Alana Ozgii Etkinlik).

xi.

Alani ile ilgili karsilasilan sorunlarin ¢oziimiinde stratejik karar verme
siireclerini kullanarak islevsel etkilesim kurabilme (Alana Ozgii Etkinlik).

1: Az, 2. Kismi, 3. Tam
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Relationship between the Course and Petroleum and Natural Gas Engineering Program

Level of
Program Outcomes Contribution

1 2 |3

Developing and intensifying the current and high-level knowledge in the area
i. | with the use of original thinking and/or research processes and in a specialistic +
level, based upon the competency in graduate level (Knowledge).

Grasping the inter-disciplinary interaction related to one’s area; reaching original
ii. | results by using the specialistic knowledge in analyzing, synthesizing and +
evaluating new and complex ideas (Knowledge).

The ability to evaluate and use new information in the area with a systematical
iii. | approach, to critically analyze, synthesize and evaluate the new and complex +
ideas (Skill).

Developing a new idea, method, design and/or application which brings about
innovation in the area; or, applying a conventional idea, method, design and/or
application to a different environment; researching, grasping, designing and
applying an original subject and contributing to the progress in the area by
independently carrying out a study (Skill and Competency to Work
Independently).

iv.

Expanding the limits of knowledge in the area by publishing at least two
v. | scientific articles in each of a national and an international peer reviewed journals
(Competence to Work Independently and Take Responsibility).

Fulfilling the leader role in the environments where solutions are sought for the
vi. | original and inter-disciplinary problems (Competence to Work Independently and
Take Responsibility).

Developing area-related new ideas and methods by making use of high level
vii. | intellectual processes such as creative and critical thinking, problem solving and +
decision making (Learning Competence).

The ability to establish effective communication with experts in the international
environments to discuss the area-related subjects and to defend original opinions,
showing one’s competency in the area (Communications and Social
Competency).

viii.

Proficiency in a foreign language —at least European Language Portfolio C1
Level- and establishing written, oral and visual communication and developing
argumentation skills with that language (Communications and Social
Competency).

ix.

Contributing to the solution of area-related social, scientific, technological,
cultural and ethical problems and promoting the development of these values,
X. | contributing to the society’s state and progress towards being an information
society by announcing and promoting their developments (Area Specific
Competency).

Ability to establish effective communication in the solving of the problems faced
xi. | in the area, by using the strategic decision making processes (Area Specific +
Competency).

1. Little, 2. Partial, 3. Full

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

I. Metin Mihgakan 29/06/2011
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