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Dersin Ad1

Course Name

Rocket Propulsion

Rocket Propulsion

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

Kodu Yariyili Kredisi | AKTS Kredisi Ders Uygulama | Laboratuar
(Code) (Semester) | (Local Credits) | (ECTS Credits) | (Theoretical) (Tutorial) (Laboratory)
UZB 441E 7 3 7 3 0 0
Boliim / Program Ast tical Engineeri
(Department/Program) | AStronautical Engineering
Dersin Tiirii Engineering Desi Dersin Dili Ingilizce
(Course Type) ngineering Design (Course Language) | (English)

Dersin Onkosullar
(Course Prerequisites)

UZB 362 / UZB 362E

Dersin mesleki

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

Temel Bilim (Basic
Sciences)

Temel Miihendislik
(Engineering Science)

Miihendislik Tasarim
(Engineering Design)

insan ve Toplum Bilim
(General Education)

40

40

20

0

Dersin icerigi
(Course Description)

Siniflama, Tanimlar ve Temel Kavramlar, Liile Teorisi ve Termodinamik Bagntilar, Ucus
Basarimi, Kimyasal Roket Yakit Basarim Analizi, Stv1 Yakitli Roket Motor Temelleri, Kat1
Yakitli Roket Motor Temelleri, Elektrik Ttkisi

Classification, Definition and Fundamentals, Nozzle Theory and Thermodynamic Relations,
Flight Performance, Chemical Rocket Propellant Performance Analysis, Liquid Propellant
Rocket Engine Fundamentals, Solid Propellant Rocket Fundamentals, Electric Propulsion

Dersin Amaci
(Course Objectives)

Uzay mithendisligi 6grencilerine roket itkisine ait saglam bir anlayis, kullanilan yaklagim ve
kabuller ve ortaya ¢ikan sonuglar ve sinirlamalar hakkinda bilgi kazandirmak

To give aerospace engineering students a firm understanding of rocket propulsion, the
assumptions behind it, and the resulting limitations and applications.




Dersin Ogrenme
Ciktilar:

(Course Learning
Outcomes)

Bu dersi basariyla gegen 6grenciler:

Itkinin temel sekillerini tanimlayip ayirt edebilirler

Roket itkisinin uygulamalar1 hakkinda temel bilgiye sahip olurlar.

itki kuvveti, egzost hiz1 ve verimler gibi roket itkisinin temelleri hakkinda temel bilgiye sahip
olurlar.

Izentropik bagintilari kullanarak liile akis parametreleri, ¢ikis hiz1 ve itki katsayist gibi
biiyiikliikleri hesaplayabilirler.

Farkl1 lile sekilleri, tasarim dis1 kosullar ve ortaya ¢ikan karakteristikler hakkinda temel bir bilgiye
sahip olurlar.

Itki sistemine sahip uzay araclarina ait temel ugus mekanigi bilgisine sahip olurlar.

Roket yanma odasinda gergeklesen termokimyasal reaksiyonlara ait temel bilgiye sahip olurlar
ve basitlestirilmis H2-O2 reaksiyonunda yanma sicakligi ve bilesimini hesaplayabilirler.
Basitlestirilmis H2-O2 reaksiyonu i¢in denge ve donmus akis durumlarinda reaksiyonlu liile
akiginda ¢ikis hizini hesaplayabilirler.

S1v1 yakitlar, yakit besleme sistemleri, yakit depolari, depo basin¢landirmasi, turbo-pompali
yakit besleme sistemleri ve motor ¢evrimleri, vanalar ve yakit boru hatlart ve motor tagima yapisi
gibi s1v1 yakitli motorlar hakkinda temel bilgiye sahip olurlar.

Kat1 yakit yanma hizi, yakit tane yapisi ve sekilleri, tane gerilme ve sekil degistirme ve kati
yakitli motorlarla yonelim kontrolii ve manevralar gibi kati yakitli roket motorlar1 hakkinda
temel bilgilere sahip olurlar.

Elektrik itkisi ile ideal ugus basarimi, elektro-1sil motorlar ve 1s1l olmayan elektrik itki motorlar1
gibi elektrik itkisi konularinda temel bilgiye sahip olurlar.

On completing this course students should: be able to

identify the basic forms of propulsion (al ,e2,j3)

have a basic knowledge on the application of rocket propulsion (al ,c1 ,d 1 ,e2,j1 ,k1) have a
basic knowledge on fundamentals of rocket propulsion such as thrust, exhaust velocity and
efficiencies (a3,e3,k1)

be able to calculate nozzle flow properties, exit velocity and thrust coefficient using isentropic
relations (a3,e3,k1)

have a basic understanding of different nozzle configurations, off-design conditions and resulting
characteristics (e2)

have a basic knowledge on flight performance for space vehicles with rocket propulsion systems
(a2,e2) have a basic understanding of thermo-chemical reactions taking place in a rocket
combustion chamber and be able to calculate combustion temperature and composition for a
simplified H202 reaction (a3,e3,k1)

be able to calculate nozzle exit velocity in a reacting nozzle flow for equilibrium and frozen
flow cases for simple H2-O2 reaction (a3,e3,k1) have a basic knowledge on liquid rocket engine
fundamentals such as propellants, propellant feed systems, propellant tanks, tank pressurization,
turbo-pump feed systems and engine cycles, valves and pipe lines, and engine support structure
(a2,e3,j1) have a basic knowledge on solid propellant rocket fundamentals such as propellant
burning rate, propellant grain and grain configuration, propellant grain stress and strain, and
attitude control and maneuvers with solid propellant rocket motors (a2,e3,j1)

have a basic knowledge on electric propulsion such as ideal flight performance, electro-thermal
thrusters, and non- thermal electric thrusters (a2,e3,j1)




Ders Kitabi
(Textbook)

G. P. Sutton and O. Biblarz, 2001, Rocket Propulsion Elements, Seventh Edition,
Wiley-Interscience.

Diger Kaynaklar (Other
References)

Mechanics and Thermodynamics of Propulsion, Second Edition P.G. Hill & C.R.
Peterson, Addison-Wesley, 1992

Aerothermodynamics of Gas Turbine and Rocket Propulsion, Third Edition, G. C.
Oates, AIAA Education Series, 1997.

Spacecraft Propulsion, Brown, C.D., AIAA Education Series, 1996

Modern Engineering for Design of Liquid-Propellant Rocket Engines, Huzel, D. K,
D.H. Huang, AIAA Progress in Astronautics & Aeronautics, 1992.

Odevler ve Projeler

(Homework & Projects)

Farkl1 bir agiklama yoksa 6devler verildikten bir hafta sonra teslim edilecektir.
Teslim tarihini gecen 6devler kabul edilmeyecektir.

Assignments will be due the week after they are given unless otherwise stated.
Assignments past due date will not be accepted.

Laboratuar Uygulamalan

(Laboratory Work)

Bilgisayar Kullanim

(Computer Use)

Yanma konusunda kimyasal reaksiyonlarin ¢dziilmesinde ve atmosfer i¢cindeki
yoriingeye ¢ikis hareketi hesaplarinda, hesaplama tablolarinin kullanilmast ya da bir
dereceye kadar programlama (Matlab, Mathematica, gibi) yapilmasi gerekebilir.

Worksheets or some programming may be needed in trajectory calculations in
atmospheric flight for orbit insertion and when solving chemical reactions in
combustion process.

Diger Uygulamalar

(Other Activities)

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Adedi
(Quantity)

Faaliyetler
(Activities)

Degerlendirmedeki Katkisi, %
(Effects on Grading, %)

Y1l i¢i Siavlar1 (Midterm

Exams) 1 25

Kisa Smavlar

(Quizzes) 56 20

Odevler

(Homework) 34 15

Projeler
(Projects)

Dénem Odevi/Projesi (Term - -
Paper/Project)

Laboratuar Uygulamasi - -
(Laboratory Work)

Diger Uygulamalar - -
(Other Activities)

Final Sinav1
(Final Exam)




DERS PLANI

Dersin
Hafta Konular Ciktilar

1 Tammlar ve Temeller: Tanimlar, Itki Kuvveti, Egzost Hiz1, Enerji ve Verimler, Tipik 1-2-3
Basarim Degerleri

5 Liile Teorisi ve Termodinamik Bagintilar: ideal Roket, Termodinamik Bagintilarin Ozeti, 34
Liile icerisinde Akis '

3 Liile Teorisi ve Termodinamik Bagintilar: Liilq Konfigiirasyonlari, Gergek Liileler, Dort 45
Basarim Parametresi, Liile Dogrultusu, Degisken Itki Kuvveti '
Ucus Basarimi: Yercekimsiz, Siiriiklemesi Uzay Ugusu, Atmosfer i¢inde Hareket Eden bir

4 Araca Etkiyen Kuvvetler, Hareketin Temel Denklemleri, tki Sisteminin Ara¢ Basarimina 6
Etkisi, Uzay Ugusu

5 Ucus Basarimi: Ugus Manevralari, Ucus Araglari, Askeri Fiizeler, Egzost Cikisinin 6
Acrodinamik Etkisi, Ugus Kararlilig

6 Kimyasal Roket Yakit Basarim Analizi: Altyap: ve Temeller, Basitlestirilmig H2-O2 7
Reaksiyonu i¢cin Motor Yanma Odas1 Kosullarinin Analizi

7 Kimyasal Roket Yakit Basarim Analizi: Liilede Reaksiyonlu Akis ve Genisleme 78
Siirecinin Analizi '

8 Kimyasal Roket Yakit Basarim Analizi: Basitlestirilmis H2-O2 Reaksiyonu i¢in Denge ve 78
Donmus Akis Durumlarinda Liile Cikis Hizinin Hesaplanmast '

9 Yariyil Ara Sinavi 1-8

10 Siv1 Yakith Roket Motor (SYRM) Temelleri: Sivi Yakitlar, Yakit Besleme Sistemleri, 9
Gaz Basingh Besleme Sistemleri, Yakit Depolart
SYRM Temelleri: Depo Basinglandirmasi, Tiirbo-pompali Besleme Sistemleri ve Motor

11 Cevrimleri, Debi ve Basing Dengesi, Manevra, Yonelim Kontrolii ve Yoriinge 9
Diizeltmesinde Kullanilan SYRMlar1, Vanalar ve Boru Hatlar1, Motor Tasima Yapisal
Sistemi

12 Kat1 Yakith Roket Motor Temelleri: Yakit Yanma Hizi, Temel Basarim Bagintilar 10
Kati Yakith Roket Motor Temelleri: Yakit Tane Yapist ve Tane Konfigiirasyonu, Tane

13 Gerilme ve Sekil Degistirme, Kat1 Yakitli Roket Motorlari ile Yonelim Kontrolii ve 10
Manevra
Elektrik itkisi: ideal Ucus Basarimi, Elektro-1sil Itki Sistemleri, Is1l Olmayan Elektrik Ttki

14 | sistemleri 11




COURSE PLAN

Course
Weeks Topics Outcomes
1 Classification: Duct Jet Propulsion, Rocket Propulsion, Application of Rocket Propulsion. 1-2-3
Definitions and Fundamentals: Definitions, Thrust, Exhaust Velocity, Energy and
2 S - 3,4
Efficiencies, Typical Performance Values.
Nozzle Theory and Thermodynamic Relations: Ideal Rocket, Summary of Thermodynamic
3 . . 4,5
Relations, Isentropic Flow through Nozzles.
4 Nozzle Theory and Thermodynamic Relations: Nozzle Configurations, Real Nozzles, Four 6
Performance Parameters, Nozzle Alignment, Variable Thrust.
Flight Performance: Gravity-Free Drag-Free Space Flight, Forces Acting on a Vehicle in the
5 Atmosphere, Basic Relations of Motion, Effect of Propulsion System on Vehicle 6
Performance, Space Flight.
6 Flight Performance: Flight Maneuvers, Flight Vehicles, Military Missiles, Aerodynamic 7
Effect of Exhaust Plumes, Flight Stability.
7 Chemical Rocket Propellant Performance Analysis: Background and Fundamentals, 28
Analysis of Chamber or Motor Case Conditions. '
8 Chemical Rocket Propellant Performance Analysis: Analysis of Nozzle Expansion 28
Processes, Computer Analysis, Results of Thermo-chemical Calculations. '
9 Review and Evaluation 1-8
10 Liquid Propellant Rocket Engine Fundamentals: Propellants, Propellant Feed Systems, 9
Gas Pressure Feed Systems, Propellant Tanks.
Liquid Propellant Rocket Engine Fundamentals: Tank Pressurization, Turbopump Feed
11 Systems and Engine Cycles, Flow and Pressure Balance, Rocket Engines for Maneuvering, 9
Orbit Adjustments, or Attitude Control, Valves and Pipe Lines, Engine Support Structure.
12 Solid Propellant Rocket Fundamentals: Propellant Burning Rate, Basic Performance 10
Relations.
Solid Propellant Rocket Fundamentals: Propellant Grain and Grain Configuration,
13 Propellant Grain Stress and Strain, Attitude Control and Maneuvers with Solid Propellant 10
Rocket Motors.
14 Electric Propulsion: Ideal Flight Performance, Electro-thermal Thrusters, Non-Thermal 11
Electric Thrusters.
Dersin Uzay Miihendisligi Programuyla iliskisi
Katki
Programin mezuna kazandiracag bilgi ve beceriler (programa ait ¢iktilar) Seviyesi
11213
a v
b v
I v
d
e v
f v
g v
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1: Az, 2. Kismi, 3. Tam

Relationship between the Course and .........ccccovviiiiiiiiniiinniininnnes Engineering Curriculum
Level of
Program Outcomes Contribution
1 21 3
a v
b v
c v
d
e v
f v
g v
h v
i v
i v
k v

1: Little, 2. Partial, 3. Full
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