U.S. NAVAL ACADEMY

AEROSPACE ENGINEERING DEPARTMENT

18 August 2006
From:
CDR David D. Myre

To:
EA429, Sections 4001, 5001 and 6001
Subj:
COURSE POLICY: EA429 FLIGHT PROPULSION

Ref:
(a)   ACDEANINST 1531.58 (Administration of Academic Programs)

(b) Aerospace Engineering Report Writing Guide
(c) ACDEANINST 1531.64A (Academic Accountability)
Encl:
(1) EA429 Summary Course Objectives and Syllabus

1.  General:  This course policy is provided in accordance with reference (a).  Additional instructions are applicable to class routine, examinations, graded work, accountability and section leader responsibilities.  The summary course objectives and syllabus are contained at enclosure (1).  Detailed technical objectives will be distributed separately.  If there are any questions regarding this course policy it is the student’s responsibility to get clarification. 

2.  Grading:  The instructor retains the prerogative to grade as appropriate, but a basic weighting and scale is provided below:

     a. Weighting of grades:



Item





%




Exam 1





20





Exam 2





20





Design Problems and Laboratories


20





Homework/Quizzes/Class Participation

15


Final Exam




25
     b. Grading scale:



Grade





%


   A





90-100



   B





80-90



   C





70-80



   D





60-70



   F





0-59
      c. Adjustments to grades:  I may apply a course wide “curve” only to the final grade.

3.  Course Work:


a.  General: You are encouraged to collaborate with fellow students on laboratories, projects and homework as well as use any and all references to fine tune your answers, but the final product must be your own work.  You are forbidden to directly copy information from another student.  You must state the degree to which you have received help from another student and identify the student in question.  You are forbidden to use references without properly citing them.  If you use information, figures or images from a journal article, textbook, handbook or the World Wide Web you must provide a complete list of references.
b.  Homework assignments, quizzes, and class participation:  This course meets 3 times each week: two one-hour lectures and one two-hour session dedicated mainly to problem solving and an occasional lab. There will be numerous homework assignments for a thorough understanding of the material. Everyone is expected to work out the homework problems. Due to rather involved nature of propulsion problems, several special or design problems will be assigned problems.  Those problems will be so identified and graded.  

It is expected that the work turned in for grade or critique is of professional quality, well organized, and legible.  Messy and perfunctory work will not be considered.  Use only one (1) side of green engineering paper, word processor or other professional math/engineering software.  A good guide for preparing papers and graphs is reference (b) and materials provided in EA303.  All problems should be worked out using a “given-find-assumptions-relationships-solution” form that includes a figure describing the system analyzed in the problem.  Failure to use this formality will result in no credit for the submitted work.  Engineering problem solving involves technical descriptions that clarify the way in which the problem was solved.  Simply said I am not wasting time grading poor quality work.

The level of this course is relatively advanced.  Persistent hard work in understanding the class notes and solving problems are the key for success in this course.   Therefore everyone must exert a genuine effort to avoid being absent from the class.  Discussions in the class are very much encouraged and appreciated. Missing quizzes without a valid reason, unjustified absences, sleeping in the class, and uninterested or indifferent attitude will all have an adverse effect on final course grade. 

      c.  Laboratory:  There are several laboratories scheduled for this class.  You will be asked to describe your observations in a lab report or short answer format.  

· The format for each lab will be in accordance with reference (b) unless otherwise promulgated.  Professionalism and neatness count.  This includes abstract, table of contents, appendices and other professional report writing guidelines used in EA303 etc. 

· You must use a word processor for all lab reports.  Equations should be created using an equation editor.  

· Figures and tables must be referred to in the next, have numbers, labels and be neat and readable.  These can be in the body of the report or provided in appendices. 
· References should be cited as discussed in 3.a. above. 


e.  Text and References:  The text is a set of handout notes denoted using the letter “H” and the references are denoted by the letter “R”.  Presentation of the material relies primarily on the handout notes (H) and R3.  Class notes will augment these materials.  You should get the notes from a classmate when you have to miss class.  Since R3 is out of print this year, any required material from this reference will be reproduced and distributed to the class.
H1.  Saarlas, M. and Archer, R. D. Introduction to Aerospace Propulsion, Revised July 2005      
R1.  Your thermodynamics textbook will be required. (e.g. Cengel, Y.A. and Boles, M.A., Thermodynamics, An Engineering Approach, 5th Ed., McGraw Hill, 2006)
R2.  Zucker, R.D., Fundamentals of Gas Dynamics, Matrix Publishers, 1977/2002

R3.  Hϋnecke, Klaus, Jet Engines, MotorBooks International, 1997

R4.  Mattingly, J. D., Elements of Gas Turbine Propulsion, McGraw-Hill, 1996
R5.  Hill, P. G. and Peterson, C. R., Mechanics and Thermodynamics of Propulsion, 2nd Ed., McGraw-Hill, 1993

R6.  Oates, G. C., Aerodynamics of Gas Turbine and Rocket Propulsion, AIAA, 1984

R7.  Anderson, J. D., Modern Compressible Flow, McGraw-Hill, 2nd Ed., 1990
R8.  McCormick, B. W., Aerodynamics, Aeronautics, and Flight Mechanics, 2nd Ed., Wiley, 1994
R9.  Philips, W. F., Mechanics of Flight, John Wiley & Sons, Inc., 2004
4.  Computers and Calculators:  The use of computers to portray or solve problems is encouraged to the degree that it is practical.  Calculators may be used on quizzes and exams as long as programmable functions are not accessed unless otherwise directed by the professor.

5.  Absences:  You will be marked tardy for arriving up to 5 minutes late after which you will be counted absent.  You are responsible for all material and instruction given during every scheduled class period.  Before asking the instructor about coverage you missed you should look at classmates notes from the day you were absent.  

6.  Late Work:  Special problems and lab grades will be reduced by 10% for each day late for no more than four calendar days after which no credit will be given.  Late homework will not receive credit.  

7.  Section Leader:  The section leader and assistant section leader will be assigned and are to carry out their duties in accordance with reference (c).  The section leader shall call the class to attention and report the section.  If the instructor is not present 10 minutes after class start time, contact the Aerospace Engineering secretary in R327 at 3-6400.  Class will not be canceled.

8.  Extra Instruction:  You are encouraged to get extra instruction (EI).  Please make an appointment via phone or email.
9.  Comments: 

· If you have special circumstances regarding missing class or not turning in assigned work, I am available to discuss them with you on a case-by-case basis.

· You are only a few months away from becoming commissioned officers.  The professionalism required of officers and engineers is not as disparate as you may think.  I expect your bearing, demeanor, work, observations and evaluations to be that of junior officers as well as engineers in training.  
David D. Myre
CDR USN, D.Sc., P.E.

Course Description

EA429 Flight Propulsion (2-2-3).  This course applies the fundamentals of fluid mechanics and thermodynamics to the study of air-breathing and rocket propulsion systems. A review of the fundamentals covered in the prerequisite courses (EA304, EA332, and EM319) is essential for success in this course. For understanding the principles of propulsion, the sources of propulsive forces will be considered in detail.  The aerodynamics of propellers and their propulsive characteristics are studied early in the course for the groundwork for the Applied Aerodynamics course (EA401) and Special Aircraft Design (EA439) taken simultaneously by the students.  A practical propeller laboratory exercise is completed to reinforce these concepts. A review and extension of cycle analysis studied in thermodynamics is completed in order to understand the performance of propulsive devices. 

As an initiation to the understanding of more complicated propulsive devices, the simplest of all jet engines, the ideal ramjet, will be studied next followed by the performance analyses of actual turbojet, turbofan, and turboprop engines.  On design parametric analyses will be emphasized using hand calculations, Matlab and GasTurb10.  These concepts are reinforced using the SR-30 Turbojet in the USNA Propulsion Laboratory (R035). Elements of rocket propulsion will conclude this course; effects of staging will be considered. Some discussion of turbomachinery (axial compressors and turbines), inlets, gas turbine combustors, and nozzles as well environmental impacts will be presented.  Many of these topics will be covered in more detail in a follow-up elective course (EA430, Propulsion II). High temperature effects, materials selection, review of current inventory, and development of new devices will be covered during various segments of the course.  See table 1 below for the class syllabus and schedule.

Summary Course Objectives

By the end of this course midshipmen are expected to:

Understand

1. how propulsive forces are generated

2. basic characteristics of different propulsive devices
3. range of performance of current devices

4. component types and performance

5. introductory turbomachinery 

6. introductory combustion concepts including emissions concerns
7. basic processes for engine (propeller) selection

Perform

1. Thrust calculation for air breathing propulsion systems and rockets

2. basic propeller performance calculations

3. parametric jet engine performance analysis
4. on-design engine selection

5. basic turbomachinery calculations

6. basic combustion calculations
7. basic rocket performance calculations

These objectives should serve the more global objectives of:
1. Prepare the student for Aircraft Design by providing a foundation by which to select aircraft propellers and engines for various applications

2. Prepare the junior engineer and Naval Officer by providing a basis for understanding aerospace systems in general based on propulsion classification.

3. Prepare the junior engineer for follow-on studies in the field of aerospace propulsion.

Table 1.  EA429 Class Syllabus and Schedule
	Week
	Date
	Topic
	Reading 
	Notes

	1
	20 Aug
	Introduction 

Flight Propulsion Developments
Engine Classification

Gas & Thermodynamics Review
	H1: 1.1, 1.2

R3: 1.1,1.2
	

	2
	27 Aug
	Thrust, mass flow & Eff. Exhaust Velocity
Propulsive, thermal & overall efficiency, TSFC, Isp
Mach number regimes for common types
	H1: 2.1-2.5, optional 2.6
R3: 2.1-2.3

	

	3
	3 Sep
	Propeller introduction

Actuator disk theory
	H1: 3.1-3.2


	Labor Day week

	4
	10 Sep
	Propeller practical design

Blade element theory
	H1: 3.1-3.2, 3.6-3.7, optional 3.8


	Lab 1: Propellers


	5
	17 Sep
	Brayton cycle – ideal and practical concerns

Optimum practical cycle (net work and th)
Ideal ramjet (if time permits)
	H1: 4.1-4.6

R1: 9-8 Brayton Cycle

R3: 2.3-2.6
	Exam 1

	6
	24 Sep
	Turbojet component contributions and efficiencies 
Turbojet 1-D internal gas and thermodynamics
	H1: 5.1-5.3
R1: 9-11 Jet Propulsion Cycle

See: pp-525-527
	

	7
	1 Oct
	Turbojet 1-D internal gas and thermodynamics
SR-30 Description

Turbojet 1-D internal gas and thermodynamics
	H1: 5.1-5.3
R3: 8.1

	Lab 2: 
SR-30 Turbojet Lab
Prop Lab

	8
	8 Oct
	Afterburners, Turbofan, Turboprops and Multiple spool engines

Engine Performance

Afterburners, Turbofan, Turboprops and Multiple spool engines
	H1: 5.4, 5.5
R3: 3.1-3.3
	Columbus Day Week

T63-A-700 demo (tentative)
Prop Lab

	9
	15 Oct
	The inlet – subsonic, supersonic
Engine Performance

The combustor – combustion, real gas effects, pollution
	H1: 5.4

R1: 13 & 15 Gas mixtures & chemical reactions

Class notes

R3: 3, 5
	Lab 3a: GasTurb10
CADIG

	10
	22 Oct
	The compressor – axial turbomachinery & performance
	R3: 4
Class notes

 
	Lab 3b: GasTurb10

CADIG

	11
	29 Oct
	The turbine – turbomachinery & performance mapping
	R3: 4 

Class notes


	Exam 2

	12
	5 Nov
	Rockets 

Introduction

     Rocket thrust chamber thermodynamics
	H1: 6.1-6.3
	Lab 4: Pelton wheel lab and class problem
Fluids Lab

	13
	12 Nov
	Rocket staging
	H1: 6.1-6.3
	

	14
	19 Nov
	Solid rocket theory
	H1: 6.4
	

	15
	26 Nov
	Liquid rockets
Rocket Chamber Combustion


	H1: 6.5
R1: 13 & 15 Gas mixtures & chemical reactions

Class notes
	Lab 5:

Estes Lab

PROPEP
Fluids Lab/ CADIG

	16
	3 Dec
	Various topics, wrap-up
	
	Term ends 5 Dec


