AAE 334

Aerodynamics

Description:

Steady and unsteady, one-dimensional, linear and nonlinear compressible flows.  Nozzle flows.  Steady, supersonic, two-dimensional linear and nonlinear flows.  Linearized subsonic flow.  Introduction to transonic and hypersonic flow.  Viscous and inviscid incompressible flow over airfoils.  Finite-aspect ratio wings.  Interference effects. Stability and trim.  Design applications.
Format: 3 hrs lecture per week.

Credit hours: 3

Status: Required, Sem 6

Offered: Fall & Spring
Pre-requisite: AAE333 and 333L 

Co-requisite: None

Course Instructor:  G. Blaisdell, M. Williams
URL: http://roger.ecn.purdue.edu/~aae334/AAE334.html
Text: 
Fundamentals of aerodynamics, John D. Anderson, Jr.. 
Assessment Method: Midterm Exams 40%, Final Exam 30%, Homework 30%

Grading Policy is an instructor option and may vary.

Course Goal & Learning Outcomes:

Goal: 

To extend the theoretical framework built in AAE 333 to include compressible flow.  Apply the theory to the calculation of forces and moments on airfoils and wings in incompressible, subsonic, and supersonic flight.  Introduction to transonic and hypersonic flow.  Solve simple design problems.

Outcomes include developing abilities to:

Calculate flow conditions for isentropic flow and across normal and oblique shocks

Calculate conditions within a nozzle and calculate the thrust generated by a nozzle

Calculate forces and moments on supersonic airfoils

Scale incompressible airfoil data to subsonic Mach numbers, estimate critical Mach number

Compute the surface pressure on a hypersonic body using Newtonian theory

Compute the lift, pitching moment and pressure distribution for an incompressible airfoil

Compute the viscous boundary layer using integral boundary layer methods

Calculate induced drag using lifting-line theory and a vortex lattice method

Determine horizontal tail location to maintain trim and a specified static margin

Necessary Background:

1.
Vector calculus and differential equations through PDEs

2. Thermodynamics

3. Introductory Fluid Mechanics, including incompressible potential flow

4. Ability to write a computer program in MATLAB

Topics: 

1. Review of thermodynamics; conservation of mass, momentum, and energy; stagnation conditions.  (3 classes).

2. Steady one-dimensional flow of compressible fluids; isentropic flow; normal shocks; nozzle flow; diffusers and supersonic wind tunnels; unsteady one-dimensional gasdynamics; design applications (7 classes).

3. Oblique shocks; shock reflections; Prandtl-Meyer flow; shock-expansion theory for airfoils; linearized supersonic and subsonic flow; compressibility corrections; critical Mach number; transonic flow; swept wings; area rule; hypersonic flow; design applications (15 classes).

4. Incompressible thin airfoil theory; vortex panel method; review of viscous boundary layers; design applications. (8 classes).

5. Lifting line theory and induced drag; tapered planforms; twisted wings; wing sweep; vortex lattice method; delta wings; stability and trim; design applications. (9 classes).

Exams (2 classes).

Relationship of course to program outcomes:
The course outcomes directly relate to the first program outcome by having students acquire essential technical capability in aerodynamics and propulsion (I.3 and I.4).  Knowledge of design (I.5) is included through lecture material and homework assignments that deal with aerospace applications of the basic principles of aerodynamics and propulsion. The second program objective of developing basic engineering skills is mainly addressed through homework.  Specifically, homework problems meet objective II.1.c by having the students formulate and solve problems. For many of the problems students use computational tools, meeting objective II.1.a, in order to solve problems, to check answers obtained by hand, or to conduct parametric studies. Depending upon the specific plans of the instructor, the students may gain experience working in teams (objective II.2) by collaborating on team projects or solving in-class group exercises. Students develop their communication skills (II.3.c) by presenting their work in an organized fashion with analysis results shown graphically in a clear manner.
The following table indicates which of the AAE Program Outcomes are addressed and assessed in the course.

Course:  AAE 334
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
	No

	Dynamics & Controls
	No

	Aerodynamics
	Yes

	Propulsion
	Yes

	Design
	Yes

	II.  basic engineering skills:
	

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

	a.  computational methods and tools
	Yes

	b. experimental procedures and tools
	No

	c. open-ended and design problems
	Yes

	2. an ability to work in teams
	Maybe*

	3. the ability to communicate their work to others:
	

	a. in writing
	No

	b. orally
	No

	c. graphically
	Yes

	4. a habit of professional conduct
	No

	III.  opportunities for engaging in:
	

	1. research and  independent study
	No

	2. cooperative education and internship
	No

	3. study abroad and similar international experiences
	No

	4. professional society participation
	No

	IV.  an appreciation for the social impact of engineering solutions, and, specifically, the role of aerospace technology in today’s world.
	No


*Note:  "Maybe" means that the inclusion of this outcome is at the discretion of the instructor. 
Prepared by: Marc H. Williams, Gregory Blaisdell
Date: February 23, 2006
