ME 510 – Gas Dynamics
2003-2005 Catalog Data: (4R-0L-4C)  Introduction to the dynamics of a compressible flow. Equations of motion for subsonic and supersonic flow. Nozzle flow. Normal and oblique shock waves. Prandtl-Meyer flow. Steady and unsteady, one-dimensional gas flow with friction and heat transfer.
Textbook:
R. D. Zucker and O. Biblarz, Fundamentals of Gas Dynamics, 2nd Ed, John Wiley & Sons, Hoboken, New Jersey, 2002.
Reference: 
None
Professor:
 D. E. Richards
Goal:
Demonstrate the application of the laws of engineering science to study the flow of compressible fluids, primarily steady, one-dimensional flows.
Objectives:
Students should be able to do the following:
· Use the ideal gas model as an equation of state in conjunction with the basic equations of thermodynamics and fluid mechanics.
· Use the basic differential equations of steady, one-dimensional flow to predict how pertinent thermodynamic variables change along a flow path.
· Identify the pertinent equations and reference state ideas that support the standard compressible flow tables.

· Use standard compressible flow tables (or the underlying equations) to solve problems.

· Sketch processes on h-s and T-s diagrams and use these diagrams as problem solving tools.

· Correctly identify flow properties and discontinuities in steady, one-dimensional flow of a compressible fluid.

· Explain the role of shock waves in flow “adjustments” to a supersonic flow.

Prerequisites

· Undergraduate thermodynamics

· Undergraduate incompressible fluid mechanics

· Integral and differential calculus

Course Topics:  (Varies by year and instructor)

· Review of basic thermodynamics and incompressible fluid mechanics.
· Stagnation state concept

· Basic differential equations for steady, one-dimensional flow – mass, linear momentum, energy, and entropy
· Specialized differential equations for steady, on-dimensional flow – pressure-energy and stagnation pressure-energy

· Speed of sound and Mach number.

· Steady, one-dimensional flow of an ideal gas

--Homenergic, reversible flow with variable area (Isentropic flow)
--Homenergic, frictional flow with constant area (Fanno flow)

--Reversible flow with constant area (Rayleigh flow)

--Generalized one-dimensional flow

--Applications to nozzle, diffuser, and wind-tunnel performance

· Stationary and moving normal shock waves:  application to nozzle diffuser performance, wind tunnel operating, operation of a basic shock tube.

· Prandtl-Meyer flow

· Oblique shock waves
· Simple applications of method of characteristics

Computer Use:

Students may use EES (Engineering Equation Solver) and MAPLE. They are also encouraged to use basic compressible flow calculators to circumvent tedious table lookup.
Laboratory Projects:


None.
Class/Laboratory Schedule:


Class/Lecture:   Four 50-minute class periods each week for ten weeks.

Laboratory:  None
Professional Component:


Engineering Science: 
100%

Engineering Design:
0%
Please check ( √  ) the Learning Outcomes that this course covers. 

Ethics – A recognition of ethical and professional responsibilities

When given the opportunity, students will:

_____  1. Demonstrate knowledge of professional codes of ethics.

_____  2. Evaluate the ethical dimensions of professional engineering, mathematical, and scientific practices.
Contemporary Issues - An understanding of how contemporary issues shape and are shaped by mathematics, science, & engineering

When applying the principles of mathematics, science, and/or engineering to a technical problem, students will:

_____  1. Demonstrate an awareness of how the problem is affected by social concerns and trends.

_____  2. Demonstrate an awareness of how the proposed solution(s) will affect culture and the environment.
Global - An ability to recognize the impact of global societies on citizens and professionals

When given the opportunity, students will:

_____  1. Demonstrate an awareness of the development of cultures and societies.

_____  2. Show an awareness of the relationships of nations and the interdependence of peoples around the globe.
Culture - An ability to understand diverse cultural and humanistic traditions

When given the opportunity, students will:

_____  1. Perform, interpret, analyze or otherwise engage in artistic, literary, and/or other forms of culture.

_____  2. Recognize the importance of contributions of peoples from other cultures to the students’ professions and personal lives.

_____  3. Evaluate an issue or problem from other cultural perspectives.
Teams - An ability to work effectively in teams

When assigned to teams, students will:

_____  1. Share responsibilities and duties, and take on different roles when applicable.

_____  2. Analyze ideas objectively to discern feasible solutions by building consensus.

_____  3. Develop a strategy for action.
_____  4. Listen openly, actively and critically.

Communication - An ability to communicate effectively in oral, written, graphical, and visual forms

When performing communication tasks, students will:

_____  1. Identify the readers/audience, assess their previous knowledge and information needs, and organize/design information to meet those needs.

_____  2. Provide content that is factually correct, supported with evidence, explained with sufficient detail, and properly documented.

_____  3. Test readers/audience response to determine how well ideas have been relayed.

_____  4. Submit work with a minimum of errors in spelling, punctuation, grammar, and usage.
_____  5. Present information visually using drawings, graphs and sketches.
_____  6.  Deliver oral presentations with clarity and professionalism.
Problem Solving - An ability to apply the skills and knowledge necessary for mathematical, scientific, and engineering practices

__√__  1.  Inspect and define the problem.

__√__ 2.  Identify the basic principles and concepts that apply to the situation.

__√__  3.  Use appropriate resources to locate pertinent information.
__√__  4.  Build appropriate model(s).

__√__  5.  Solve the problem by choosing appropriate tools. (analytical, experimental, and numerical)

__√__  6.  Check a solution using appropriate criteria.

Interpreting Data - An ability to interpret graphical, numerical, and textual data

_____  1. Collect and present data in an accurate and orderly way.

_____  2. Use appropriate statistical procedures to analyze and evaluate the information contained in a data set.

_____  3. Analyze the data and draw supportable conclusions from the result.
Experiments - An ability to design and conduct experiments

_____  1. Identify the problem and develop a hypothesis.
_____  2. Select measurement techniques to collect appropriate data and justify that selection.
_____  3. Estimate experimental uncertainties.

Design - An ability to design a product or process to satisfy a client's needs subject to constraints
_____  1.  Understand the problem.
_____  2.  Develop a design specification that addresses customer/client needs and constraints.
_____  3.  Carry out a conceptual design by generating multiple solutions that address the issues above, evaluating the feasibility of the solutions, and choosing the appropriate solution.
_____  4.  Carry out a detail-level design using appropriate design tools and methodologies.
_____  5.  Test and refine the implementation until the product or process design specifications are met or exceeded.
_____  6.  Document the finished product or process as appropriate for the discipline according to standard practice.
_____  7.  Present and transfer the product or process and documentation to the client.


Continue to Learn and Educate One's Self                            

_____  1.  Learn new information independently.

Evaluation of the course --- Fall 2004-2005

What was good?  

… Students seemed to like the NASA article about the steps leading up to breaking the sound barrier and the “compressibility burble.”

… Students used online compressible flow function calculators available on the Web. This really minimized the tedium of using compressible flow tables to solve problems.    

What wasn't so good?

… I was one exam short and presented the project too late in the quarter. 

… Students needed review to meet my expectations for their ability to use and manipulate the basic integral equations of thermodynamics and fluid mechanics.

Next Time I/We Plan to Modify the Course by Changing/Trying 
… Expand the introduction to review basic principles.

… Have the first exam of the real basic material during the first three weeks.

… Provide information about the project no later than week five or earlier.
