– i –

SUPPLEMENT AR Y NOTES IN AERODYNAMICS

for

Aer oE 241

L.N. Wilson

Aer ospace Engineering Department

Iowa State University, Ames, IA

Revised January 8, 1996

– ii –

TABLE OF CONTENTS

page

1. THE EQUATIONS OF MOTION 1

1.1 The Conservation Principles 1

1.2 Application to Fluids 1

1.3 Steady Flows 2

1.3.1 Mass Conservation 2

1.3.2 Momentum Conservation 2

1.3.3 Energy Conservation 2

1.4 Mathematical Form of Conservation Equations 3

1.4.1 Mass Conservation or Continuity Equation 3

1.4.2 Momentum Equation 3

1.4.3 Energy Equation 4

1.5 Incompressible Fluid, Constant Density Assumption 4

2. APPLICATIONS TO ONE–DIMENSIONAL FLOWS 4

2.1 One–Dimensional Flows 4

2.1.1 Streamlines and Streamtubes 4

2.1.2 One–Dimensional Flow Assumption 5

2.2 1–D Continuity Equation 5

2.3 1–D Momentum Equation 6

2.4 Aerodynamic Forces 6

2.5 Variable Conditions Across Inlet and Outlet 8

3. THE DIFFERENTIAL EQUATIONS OF MOTION 8

3.1 Continuity 8

3.2 Momentum – Eulers Equation, Bernoulli’s Equation 8

3.2.1 Inviscid Flow Assumption 8

3.2.2 Streamline Equations 9

– iii –

4. THE GENERATION OF LIFT 10

4.1 The Origin of Lift Forces 10

4.1.1 Finite Wing 1 1

4.1.2 Airfoil 1 1

4.2 Circulation 12

4.2.1 The Kutta Condition 12

4.2.2 Wing Vortex System 13

4.3 Summary 14

5. TWO–DIMENSIONAL FLOW: LIFT OF AIRFOILS 15

5.1 The Kutta_Joukowski Theorem 15

5.2 Estimating the Circulation 16

6. THREE–DIMENSIONAL FLOW:

Finite Wing, Lift and Induced Drag 17

6.1 Lift 17

6.2 Drag 20

6.2.1 Momentum Equation Approach 21

6.2.2 Induced Angle of Attack Approach 22

6.2.3 Downwash Energy Approach 22

6.3 Non–Elliptic Lift Distribution 22

7. PRESSURE FORCES AND MOMENTS ON AN AIRFOIL 23

7.1 Forces 23

7.2 Moments 24