EA 203 Course Learning Objectives
Fall 2006

EA203: PRINCIPLES OF AEROSPACE ENGINEERING I
Course Objectives
Prerequisite knowledge
The course presumes the student will bring (portage) the following knowledge/skills to the course:

· High School Physics-

· Newton's Laws

· Conservation of Mass, Momentum and Energy

· Heat and light

· Single variable calculus
· Spreadsheet manipulation

· Unit manipulation in SI and English units

General Objectives
The two course sequence “Principles of Aerospace Engineering I and II” aims to:

· Expose the student to the scope of the disciplines required to successfully design and deploy Aerospace Systems, and provide an introduction into the various sciences supporting air and space flight.

· Provide each student a foundation in technical communications (written and oral)

· Prepare each student for detailed studies in the pillar disciplines (Aerodynamics, Astrodynamics, Stability and Control, Propulsion, Structures and Mission Systems)

CDIO Skills

The following CDIO skills will be explicitly introduced and taught: 

1.2.4 
Computational Techniques

Demonstrate basic spread-sheet skills for reduction of test data.
2.1.1 
Problem Identification and Formulation (4)

Translate between diverse systems of units.
2.1.2 
Modeling  (3)

2.1.3 
Estimation and Qualitative Analysis  (4)

2.1.5 
Solution and Recommendation (4)

2.2.2 
Survey of Print and Electronic Literature (3)

2.3.1 
Thinking Holistically (3)

Identify and define a system, its behavior, and its elements 
Describe what is meant by a “system of systems”
2.4.2 
Perseverance and Flexibility (3)

2.4.3 
Creative Thinking  (3)

2.4.4. 
Critical Thinking  (4)

3.2.5 
Graphical Communication  (3)


Demonstrate basic plotting skills to include proper annotation/labeling
3.2.6 
Oral Presentation and Inter-Personal Communications  (4)

3.2.2. 
Communications Structure 
Construct logical, persuasive arguments
Construct the appropriate structure and relationship amongst ideas
Choose relevant, credible, accurate supporting evidence
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Practice conciseness, crispness, precision and clarity of language 

3.2.3. 
Written Communications

Demonstrate writing with coherence and flow
Practice writing with correct spelling, punctuation and grammar
Demonstrate formatting the document 
Demonstrate technical writing
3.2.4. 
Electronic/Multimedia Communications 


Apply various electronic styles (charts, web, etc) 


Apply various written styles (informal, formal memos, reports, etc) 

3.2.5. 
Graphical Communications

 Demonstrate sketching and drawing 
Demonstrate construction of tables, graphs and charts 
Specific Technical Objectives (91 total):

After studying the topic of _________, the student should be able to:

1. Aerospace Engineering Overview

1.1. Recall the pillar disciplines of Aerospace Engineering
1.2. Describe the challenges faced by the pioneers of air and space flight
1.3. Identify and describe the purpose of major airplane and spacecraft features.
1.4. Identify the forces and moments acting on a flight vehicle.
1.5. Recognize and define common aerospace vocabulary.
1.6. Identify the elements of a technical article or report.
2. Fundamentals

2.1. Define pressure, temperature, density, and velocity.
2.2. Identify common units for the above properties.
2.3. Identify the six physical properties that define a flow field.
2.4. Identify the sources of aerodynamic forces on any vehicle.
2.5. Identify the equation of state for a perfect gas.
2.6. Recall the value and units for the gas constant for air.
2.7. Define a perfect gas.
2.8. Explain why a perfect gas can be assumed for aeronautical applications.
2.9. Provide an example of aerospace applications for which a perfect gas cannot be assumed.
2.10. Explain why an absolute temperature scale must be used for gas applications.
3. The Atmosphere

3.1. Define the relationship between absolute and geometric altitude.
3.2. Derive the hydrostatic equation from a free-body diagram.
3.3. Recall Archimedes principle.
3.4. Apply Archimedes principle to simple buoyancy problems
3.5. Define geopotential altitude.
3.6. Explain why geopotential altitude is convenient.
3.7. Define pressure, temperature, and density altitudes.
3.8. Describe the sensor most commonly used for determining pressure altitude. 
3.9. Recall sea-level standard pressure, temperature and density.
3.10. Describe basic features and layers of the standard atmosphere.
3.11. Calculate atmospheric properties from tabular or lapse rate data.
4. Aerodynamics
4.1. Identify the six equations required for solution of fluid flow problems.
4.2. Define streamline and streamtube.
4.3. Recall the 1-D continuity equation and explain its origin.
4.3.1. Demonstrate the use of the continuity equation for internal flow problems (e.g. simple nozzle or streambed).
4.4. Explain the difference between compressible and incompressible flow.
4.4.1. Identify several examples of incompressible flow.
4.5. Derive Euler's equation.

4.5.1. Cite the necessary assumptions for utilization of Euler's equation.

4.5.2. Using Euler's equation, explain the relationship between trends in airspeed and static pressure.

4.6. Bernoulli's equation. 
4.6.1. Recall Bernoulli's equation.
4.6.2. Identify the scientific law from which Bernoulli's equation was derived.

4.6.3. Identify the four necessary assumptions/limitations for utilization of Bernoulli's equation.

4.6.4. Recognize flows for which Bernoulli's equation could appropriately be applied.

4.6.5. Demonstrate the use of Bernoulli's equation in solving internal and external flows.

4.6.6. Define and calculate total and dynamic pressure.

4.6.7. Recall the definition of Equivalent Airspeed and explain its rationale.
4.6.8. Explain how a Pitot tube and static pressure port can be used to determine airspeed in an incompressible flow.
4.6.9. Explain the operation of a venturi for measuring the speed of an incompressible flow
4.7. Calculate the speed of sound and Mach number from basic flow parameters.

4.8. Viscous flow
4.8.1. Identify the effects of viscosity.

4.8.2. Qualitatively identify a boundary layer velocity profile.

4.8.3. Explain the difference between laminar and turbulent flows.
4.8.4. Define the Reynold's number in relation to flow parameters.

4.8.5. Describe the meaning of the Reynold's number.

4.8.6. Depict the difference in flow geometries between laminar and turbulent boundary layers. Use this depiction to contrast the friction, thickness and susceptibility to separation.

4.8.7. Define separation.
4.8.8. Explain why a golf ball has dimples.
5. Aerodynamic Forces and Moments

5.1. Airfoils
5.1.1. Identify the primary geometrical features of an airfoil cross-section.

5.1.2. Recall the definition of the lift, drag, and moment coefficients.

5.1.3. Qualitatively describe the rational behind use of non-dimensional force and moment coefficients.
5.1.4. Define aerodynamic center.
5.1.5. Extract airfoil attributes from airfoil data plots (Appendix D).

5.1.6. Explain the generation of lift on an airfoil. Provide examples that rebut common misconceptions for the production of lift by an airfoil.
5.1.7. Describe lift generation in terms of circulation.

5.1.8. Describe and explain the effect of Reynolds' number, camber and flaps on airfoil lift, drag and moment.

5.1.9. Use force/moment coefficients to determine the force/moment per unit span generated by an airfoil.
5.1.10. Transform lift and drag to/from normal and axial force.

5.1.11. Define pressure coefficient
5.1.12. Determine the lift coefficient on an airfoil, given the pressure distribution (experimental or analytical).
5.2. 3-D effects

5.2.1. Define aspect ratio
5.2.2. Define induced drag and describe its origin.
5.2.3. Identify the influence of finite wings on the lift and drag curves.

5.2.4. Calculate the lift curve slope for a straight finite wing (no wingsweep)

5.2.5. Determine induced drag from wing geometry and flight condition.
5.2.6. Recognize the significance of span efficiency factor.

5.2.7. Calculate the total drag on a straight 3-D wing.
5.3. Contrast subsonic, transonic and supersonic flow.
5.4. Describe three approaches common to high lift systems.

5.5. Describe the physical origin of drag due to friction, drag due to separation, and induced drag, and wave drag.

6. Performance

6.1. Depict the force balance for an airplane in steady (level, climbing and gliding) flight.

6.2. Determine the drag polar for a full configuration.

6.3. Distinguish span efficiency from Oswald efficiency.

6.4. Determine the drag as a function of velocity for 1-g flight.

6.5. Determine the power required as a function of velocity for 1-g flight.

6.6. Determine the maximum L/D for an airplane.
6.7. Determine the specific excess power for an airplane.
6.8. Relate the specific excess power to rate of climb/glide.

6.9. Apply the relationships between 
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at minimum power, minimum thrust and maximum L/D to solve aircraft performance problems

6.10. Solve problems relating load factor, turn rate, turn radius, bank angle and velocity.

6.11. Identify the engineering/operational constraints illustrated in a V-n diagram, and an airplane altitude vs. Mach envelope plot.

7. Stability and Control

7.1. Define static stability
7.2. Identify the static stability criterion for an arrow/dart. 
7.3. Describe how static longitudinal stability is attained.

7.4. Longitudinal stability of airplanes: describe the tension between the balance and stability criteria, and the typical resolution.

7.5. Identify the Euler angles used to describe the orientation of airplanes, missiles and spacecraft.
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