Ashish Tewari

Basic Flight Mechanics

A Simple Approach Without Equations

@ Springer



Contents

1 Introduction ..........ccooiiiiiiiiiiiiiiiiiiii e 1
1.1 Classification of Flight ..........cccoiiiiiiiiiiiiiiii 1

1.2 Basic Definitions.........covvvviiiiiniiiiiiiiiiiii i 2

1.3 Archimedes Principle and Balloon Flight .....................al. 6

1.4 Aerodynamic FIght .......cc.ooiiiiiiiiiiiiiiiiin 7

1.5 BasicLaws of MOtiON ....vveniiveeinieniiii e 8

1.6  Translation in @aCUrVe ......ooeviiiiiiiiiiiiiiiiii e 10

1.7 Coriolis AcCeleration ..........ccoveeviiieviiiiiiiiiiiiii e, 12

1.8 Rigid-Body Dynamics........c..ccovivviririiniiieiniieeiiaeanaianane, 15

1.9 Flight Stability and Control .............oovviiiiiiiiiiiiii, 20

2 AerodynamuiCs ..........ooeiiiiiiiiiiii e 23
2.1 Relative AIr FIOW ...ooiiiiiiiiiiiiiiici e 23
2.1.1 Compressibility.........ooveviviiiiiiiiiiiiii 24

22 Liftand Drag.......cceevreeriiiiiiiiiiiiiii i 25
22,1 VisCOUS FIOW ..ovuviiniiiiriniiiiiii e 27

2.2.2 Streamlined Shapes..............ccovviiiiiiiiiiiiiiin, 28

23 HowlIsLift Created? ........coovviiiiiiiiiiiiiiiii 30
2.3.1 Downwash ...coovvviniiiiiiiiiiii 31

2.3.2 PitchingMoment ...........ooovvviiiiiiiiviiiii., 32

2.3.3  Pressure Distribution ............covooiiiii 33

2.4 Vorticity and Circulation ...........cooovviiiiiiiiiiiiii 35
2.4.1 Effects of Angle-of-Attack...........ooovvviiiniiiiiiiia 37

2.4.2 Finite-Wing Effect.............ooooviiiiiiin 38

3 Flight of Airplanes and Gliders: Vertical Plane .......................... 43
3.1 IntroducCtion .......ooveriiiiiiiiiiiii i e 43
3.2 Straightand Level Flight ..., 44
3.2.1 Flight Envelope.........cooovviiviiiiiiiiiiii, 46

33 Cruising Flight ..o 49
34  Climbing Flight ........ooooiiiiiiiiii e 52
3.5 Descending and Gliding Flight ................coooi 53



Contents

3.6 Vertical Man@UVerS .......ooueuvveiiniieneeiianiiiieaneieeiieneenn, 55
377 Take-Offand Landing ..........cocoviiiiiiiiiiiiiiiiiiiiniinnn, 57
3.8  Degrees-of-Freedom and Control Surfaces................ooovinnnnn, 60
3.9  Speed and Altitude Control ........cooevvireiiiiiiiiiiiiiiienenaen, 62
3.10 Static Longitudinal Stability ................oooiiiiin 65
3.11 Longitudinal Control ...........coccvviiiiiiiiiiiiiiiiiii 69
3.12 Dynamic Longitudinal Stability .............cccovviiiiiiiiinen... 70
3.13  Stalling CharaCteristiCs ... o.vvvvvveivririeiriietiiiiinneean, 72
Flight of Airplanes and Gliders: Horizontal Plane ...................... 73
4.1 INtroduCtion ....ooovueiiriiiit i e e e 73
42 Level and Coordinated Turn............cocvvviiiiiiiiiiiiiiiiiinenn., 74
4.3  Lateral-Directional Dynamics ............oovverievinviiinenaneennnn. 77
4.4  Static Lateral-Directional Stability ............c..ovvvviiiiiiiinnn. 78
4.5  Dynamic Lateral-Directional Stability ..................cccevienn.. 80
4.6  Lateral-Directional Control ............ccooviiiiiiiiiniiiiiiiinnennn. 82
4.7 Spinand ReCOVEIY.........ovveiiiiiiiiiiiiiiiiiiiiiii e, 85
Flapping and Rotary Wing Flight ............................o 87
BT B 1 (o4 T T O 87
52 WhyWeCan'tFly Like the Birds ............ocooiiviiiiiiiinnnnnn, 88

5.2.1 Flapping Flight Basics ..........c..cocoviiiiiininninnn, 88

5.2.2 Basic Flapping Mechanism .............cccceviiiinninnnnnn, 90
5.3 Rotary Wing Flight ........ooooiiiiiiiiiee 92
54  Vertical Ascent, Descent, and Hover................ccoooiieiiiinn, 94
5.5  The Conundrum of Forward Flight ....................cooiinnn, 94
56 NeedforaTail ROtOr .....oovveiviiiiiiiiiiii i 97
5.7  Controls for Rotorcraft Flight .............c.oocciiiiiiiiinn, 97
Space Flight ... ..o e e e 99
6.1 Introduction .........oeviiiiriiiiiii i 99
6.2 OIS ..ottt e 101
6.3 Orbital ManCuVers .........oovvieiiiiiiiiiiiiiieieiiiii e, 104

6.3.1 Rocket Powered Maneuvers ...............ccoeeviiiieeiiennn.. 104

6.3.2 Gravity-Assist Maneuver ................ccvviiiiiiiiinennn.. 105

6.3.3 Aero-Assisted Orbital Transfer .................ccvvevvennn.. 106
6.4  Orbital Perturbations ............ccoviviiiiiiiiiiiiiiini i 108
6.5  Geosynchronous and Sun-Synchronous Orbits ...................... 111
6.6  Atmospheric Entry Vehicles.............oooiiiiiiiiiiniiiini, 112

6.6.1 Hypersonic Aerothermal Load................cc.oovvvninnnn. 112

6.6.2 Ballistic and Lifting Trajectories ..............c.c.oovvveann., 115
6.7  Atitude Stability Control of Spacecraft...............c..ccevvnnen, 117

6.7.1 Spin Stabilization...........coveiiiiiiiiiiii 117

6.7.2 Gravity-Gradient Stabilization.....................cceovene.. 119

6.7.3 Attitude COntrol .....vvuniiieiiiiiiiiiiiiiiiis e eeeeaens 119



Contents xi

7 Rocket FHght ........cooviieiiiii e 123
7.1 INroduCtOn ...o.ventieiit it 123
7.2 Launch Vehicle Staging ...........ccovveiiiiiiiiiiiniiiiii, 125
7.3 Gravity-Turn Trajectory .........cooviviviiiiiiiiiiiiiiene, 125
7.4  Attitude Stability and Control..............covviiiiiiiiiin., 127

Appendix: Standard Atmesphere .................... 133



