AAE 251

Introduction to Aerospace Design

Description:  

The role of design in aerospace engineering. Introduction to aerodynamics, performance, propulsion, structures, stability and control, and weights. Layout and general arrangement of aerospace vehicles. Design concept generation and selection. Computational methods for design. Trade studies and graphical optimization. Conceptual design exercise involving aircraft, spacecraft or both. Technical presentations and communication for aerospace engineering.

Format: 3 hrs lecture per week.

Credit Hours: 3

Status: Required, Sem 5

Offered: Fall & Spring
Pre-requisite: none

Co-requisite: MA 261 
Course Instructor:  W. A. Crossley, J. P. Sullivan

URL: http://roger.ecn.purdue.edu/~aae251/Index.html
Text: Brandt, S.A., Stiles, R. J., Bertin, J. J., and Whitford, R., Introduction to Aerospace: A Design Perspective, AIAA, 1997. ISBN 1-56347-250-3

Assessment Method: Homework 25%, Exams 25%, Vehicle of the Week Presentations / Report 20%, Design Project 30%.  Grading policy is an instructor option and may vary.

Course Goal & Objectives:

Goal: 

A&AE 251 introduces aerospace engineering students to aerospace vehicle / system design problems along with technical knowledge and methods necessary for solving these problems.  Students are first exposed to basic technical components of aerospace engineering.  Students then use this knowledge as the basis to conduct an aerospace system design study.

Objectives include developing abilities to:

Acquire and apply basic technical knowledge about aerospace engineering 

Develop intuition about aerospace engineering and aerospace vehicles 

Understand and implement the design process for aerospace systems 

Use computers in aerospace design 

Solve problems as part of a team 

Design an aerospace vehicle / system

Give oral presentations and write technical reports required of design engineers 

Necessary Background:

1.
Math through partial differentiation

2.
Computer Science through programming

Topics: 

1.
Introductory Material: Class Introduction. The Design Process and the Historical Perspective. Anatomy, Parameters, and Forces. The Atmosphere. (4 lectures)

2.
Aerodynamics: One-dimensional Flow. Two-dimensional Flow. Viscosity and Drag. Airfoils. Finite Wing. Wings and High-Lift Systems. Drag Prediction. (8 lectures)

3.
Propulsion: Producing Thrust. Types of engines. Propulsion Design Considerations. (2 lectures)

4.
Performance: The Design Mission. Range. Endurance. Climb. Descent. Takeoff. Landing. (3 lectures)

5.
Aircraft Stability: Center of Gravity. Static Longitudinal Stability. Other Measures of Stability. Static Lateral Stability. Design Considerations. (2 lectures)

6.
Aircraft Geometry Selection: Wing Placement. Fuselage Shape. Engine and Inlet Placement. Tails. Landing Gear Arrangement. (4 lectures)

7.
The Aircraft Design Process: Generating and Evaluating Design Alternatives. Aircraft Sizing. Empty Weight Prediction. Fuel Weight Prediction. Geometry. Carpet Plots. Aircraft Cost. (5 lectures)

8.
Rockets and Spacecraft: Rocket Trajectories. The Rocket Equation. Staging. Geocentric Orbits. Heliocentric Orbits. Orbital Parameters and Maneuvers.  Spacecraft / Rocket Sizing. (4 lectures)

9.
Structures: Structural Design Process. Design Criteria. Structural Design Layout. Aircraft Structure Types. Materials. (2 lectures)

10.
Technical Reports and Presentations: Vehicle of the Week Reports and Presentations. The Design Proposal and Presentation. (2 lectures)

Relationship of course to program objectives:

The course supports AAE objective (1) by providing students with basic equations and estimators used to analyze the conceptual design of aerospace systems; this addresses the disciplinary and the systems design technical components.  Homework and the final design project require students to use computers and to address open-ended design problems (2a).  The Vehicle of the Week and final design projects require students to work in teams with four or five of their peers (2b).  Both of these assignments involve making oral technical presentations to the entire class using visual aids and preparing a written technical report (2c).  Students must complete assignments in a timely manner and treat the coursework with a professional attitude (2d).  “Extra credit” assignments, such as attending and writing a brief report about an AAE Colloquium Series speaker, encourage students to gain aerospace engineering knowledge outside of the traditional classroom setting (3).  Finally, the course includes lecture topics about aircraft cost, design considerations that include environmental impact (e.g. noise, pollution), marketing, and current customer requirements and design trends (e.g. unmanned aerial vehicles, very-large commercial transports) (4).

Course:  AAE 251

The following table indicates which of the AAE Program Outcomes are addressed and assessed in the course.

	By graduation, students will have:
	Included?

	I.  technical knowledge of aerospace engineering
	

	Structures & Materials
	

	Dynamics & Controls
	

	Aerodynamics
	

	Propulsion
	

	Design
	

	II.  basic engineering skills:
	

	1. an ability to formulate and solve problems, including:
	

	a.  computational methods and tools
	

	b. experimental procedures and tools
	

	c. open-ended and design problems
	

	2. an ability to work in teams
	

	3. the ability to communicate their work to others:
	

	a. in writing
	

	b. orally
	

	c. graphically
	

	4. a habit of professional conduct
	

	III.  opportunities for engaging in:
	

	1. research and  independent study
	

	2. cooperative education and internship
	

	3. study abroad and similar international experiences
	

	4. professional society participation
	

	IV.  an appreciation for the social impact of engineering solutions, and, specifically, the role of aerospace technology in today’s world.
	


*Note:  "Maybe" means that the inclusion of this outcome is at the discretion of the instructor. 
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