	Mechanical Engineering
	ME 510
Gas Dynamics


	Catalog Description

	
	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.


	Instructor(s)

	
	D. E. Richards


	Required/Elective

	
	Elective 


	Class/Laboratory Schedule

	
	Four 50-minute lectures per week


	Prerequisites

	
	ES 202 – Fluid & Thermal Systems


	Textbook(s)

	
	R. D. Zucker and O. Biblarz, Fundamentals of Gas Dynamics, 2nd Ed, John Wiley & Sons, Hoboken, New Jersey, 2002.


	Course Objectives

	
	After successfully completing this course, students be able to

	
	•
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.


	Course Topics

	
	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


	Lab Topics

	
	None


	ABET Criteria

	
	This course primarily addresses ABET Criteria a, e, i, and k.


	Program Outcomes

	
	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.


	Professional Component

	
	This course provides 4 credits of engineering science, 0 credits of basic science, 0 credits of basic math, and 0 credit of engineering design.


	Prepared by

	
	Donald E. Richards, 3/17/06


