AER307S Aerodynamics: Introduction and Course Outline

September 10, 2002 Professor D.W. Zingg (667-7709, dwz@oddjob.utias.utoronto.ca, http://goldfinger.utias.utoronto.ca/~dwz/) Teaching Assistant: Sammy Isono (667-7887, sammy@oddjob.utias.utoronto.ca)

Textbook: J.D. Anderson, Fundamentals of Aerodynamics, 3rd edition, McGraw-Hill, 2001. Reference books: I.H. Abbott and A.E. von Doenhoff, Theory of Wing Sections, Dover, 1959. R.T. Jones, Wing Theory, Princeton, 1990. A.M. Kuethe and C.-Y. Chow, Foundations of Aerodynamics, 5th edition, Wiley, 1997. J. Moran, An Introduction to Theoretical and Computational Aerodynamics, Wiley, 1984. For computational fluid dynamics: H. Lomax, T.H. Pulliam, and D.W. Zingg, Fundamentals of Computational Fluid Dynamics, Springer-Verlag, 2001. Mark Breakdown: Assignments 10%, Laboratory 20%, Tests 30%, Final exam 40%. The final exam will be type X, i.e., "open-book".

There will be two assignments and three tests. The tests will be held on October 1, November 5, and November 27 and will be "closed book".

Course Outline

0. Fundamental Concepts

0.1 The Continuum Hypothesis 0.2 Frames of Reference, Steady Flow 0.3 Attached and Separated Flow, Streamlines 0.4 Boundary Layers and Wakes 0.5 Laminar and Turbulent Flow, Transition 0.6 Pressure Distributions, Lift Curves, and Drag Polars 0.7 Transonic Flows, Shock Waves

1. The Basic Equations of Fluid Dynamics

1.1 General Form of a Conservation Law 1.2 The Equation of Mass Conservation 1.3 The Equation of Momentum Conservation 1.4 The Equation of Energy Conservation

2. The Dynamic Levels of Approximation

2.1 The Navier-Stokes Equations

2.1.1 The perfect gas model 2.1.2 The first law of thermodynamics 2.1.3 Entropy and the second law of thermodynamics 2.1.4 The speed of sound 2.1.5 The incompressible fluid model 2.2 The Reynolds-Averaged Navier-Stokes Equations 2.3 The Boundary-Layer Approximation 2.4 The Euler Equations

2.4.1 Properties of discontinuous solutions 2.5 The Potential-Flow Model

3. Some Basic Concepts in Aerodynamics

3.1 Aerodynamic Forces and Moments (1.5) 3.2 Centre of Pressure (1.6) 3.3 Types of Flow (1.10) 3.4 Pathlines and Streamlines of a Flow (2.11) 3.5 Angular Velocity, Vorticity, and Circulation (2.12, 2.13) 3.6 Stream Function (2.14)

3.6.1 Relationship between the stream function and the velocity potential

N.B. The numbers in parentheses refer to the corresponding sections of the text. Sections 0, 1, and 2 are taught independently from the text. Similar topics are covered in the following sections of the text: 2.3, 2.4, 2.5, 2.7, 2.10, 7.2, 7.4, 7.5, 15.3, 15.4, 15.5, 17.3. Section 11 is also taught independently from the text. The reference book on page 1 provides supplementary material.

4. Fundamentals of Inviscid, Incompressible Flow

4.1 Bernoulli’s Equation (3.2) 4.2 Incompressible Potential Flow: Laplace’s Equation (3.7) 4.3 Elementary Solutions of Laplace’s Equation

4.3.1 Uniform flow (3.9) 4.3.2 Source flow (3.10) 4.3.3 Combination of a uniform flow with a source and sink (3.11) 4.3.4 Doublet flow (3.12) 4.3.5 Nonlifting flow over a cylinder (3.13) 4.3.6 Vortex flow (3.14) 4.3.7 Lifting flow over a cylinder: The Kutta-Joukowsky Theorem (3.15, 3.16)

5. Incompressible Flow over Airfoils

5.1 Airfoil Characteristics (4.3) 5.2 Source and Vortex Sheets (4.4) 5.3 The Kutta Condition (4.5) 5.4 Kelvin’s Circulation Theorem and the Starting Vortex (4.6) 5.5 Classical Thin Airfoil Theory

5.5.1 The symmetric airfoil (4.7) 5.5.2 The cambered airfoil (4.8) 5.6 Panel Methods (3.17, 4.10) 5.7 Low-Speed Airfoil Design (4.11)

6. Incompressible Flow over Finite Wings

6.1 Downwash and Induced Drag (5.1) 6.2 The Vortex Filament, the Biot-Savart Law, and Helmholtz’s Vortex Theorems (5.2) 6.3 Prandtl’s Classical Lifting Line Theory (5.3)

6.3.1 Elliptical lift distribution 6.3.2 General lift distribution

7. Subsonic Compressible Flow over Airfoils: Linear Theory

7.1 The Velocity Potential Equation (11.2) 7.2 The Linearized Velocity Potential Equation (11.3) 7.3 Prandtl-Glauert Compressibility Correction (11.4) 7.4 Critical Mach Number and Drag-Divergence Mach Number (11.6, 11.7) 7.5 Supercritical Airfoils (11.9)

8. Normal Shock Waves, Oblique Shock Waves, and Expansion Waves

8.1 The Basic Normal Shock Equations (8.2) 8.2 Special Forms of the Energy Equation (8.4) 8.3 Calculation of Normal Shock-Wave Properties (8.6) 8.4 Propagation of Disturbances in Subsonic and Supersonic Flow (9.1) 8.5 Oblique Shock Relations (9.2) 8.6 Prandtl-Meyer Expansion Waves (9.6)

9. Linearized Supersonic Flow and Hypersonic Flow

9.1 Derivation of the Linearized Supersonic Pressure Coefficient Formula (12.2) 9.2 Application to Supersonic Airfoils (12.3)

10. Introduction to Boundary Layers

10.1 Boundary-Layer Properties (17.2) 10.2 The Blasius Solution (18.2)

11. Introduction to Computational Fluid Dynamics

11.1 Overview 11.2 Finite-Difference Methods 11.3 Time-Marching Methods

11.3.1 Explicit methods 11.3.2 Implicit methods