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AP. 129—FLYING

VOLUME 1

PART 1: AIRCRAFT AND ENGINES
SECTION 1 : PRINCIPLES OF FLIGHT

CHAPTER 1: THE ATMOSPHERE

Introduction

Physical Properties of Air

Effect of Pressure on Density ...
Measurement of Temperature...
Effect of Temperature on Density
Effect of Humidity on Density

Characteristics of the Atmosphere

CHAPTER 2: MEASUREMENT OF SPEED
Density of Air ...
Dynamic Pressure : »
Principle of the Air Speed Indicator (A.S.I.)
Indicated and True Air Speed
Errors of the Air Speed Indicator
Rectified Air Speed (R.A.S.) ...
Calculation of T.A.S. ...
Mach Number ...
Effect of Speed on Temperature Measurement

Relationship Between I.A.S., T.A.S., Mach Number, and Temperature...

CHAPTER 3: DRAG
Introduction
Profile Drag
Induced Drag
Total Drag
Coefficient of Drag
Drag of Streamlined Shapes ...

Variation in Cyp
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CHAPTER 4: LIFT

Introduction

Aerofoil Definitions

Bernoulli’s Theorem

Venturi Tube

Distribution of Pressure About the Wing

Lift Coefficient (Cy)

Measurement of Forces in Flight

Variation of Lift Coefficient with Angle of Attack ...
Stalling Angle of Attack

Variation of Drag with Angle of Attack

Variation of Lift/Drag Ratio with Angle of Attack
Movement of the Centre of Pressure

Airflow Around the Wing

Wing-Tip Vortices

Trailing-Edge Vortices...

Aerofoils...

CHAPTER 5: STALLING
Introduction
Effect of Weight (Wing Loading) on the Stall
Boundary Layer and the Stall
Airflow in the Boundary Layer
Pressure Gradients and the Boundary Layer
Laminar Flow Aerofoils
Wing-Tip Stalling
Autorotation
Methods of Preventing Tip Stalling ...

CHAPTER 6: WING PLAN FORMS
Introduction
Aspect Ratio
Aspect Ratio and Induced Drag
Aspect Ratio and Stalling Angle
Use of High Aspect Ratio
Aspect Ratio and Maximum Lift Coefficient
Swept-Back Leading Edges
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Effect of Sweepback on Lift ...
Effect of Sweepback on Stalling
Tailless Delta Wings

Reduction of C;, Max.

Increase in Stalling Angle

The C, Curve

Pitch-Up ...

Effect of Sweepback on Drag ...

CHAPTER 7: LIFT AUGMENTATION

Introduction

Principal Methods in Use
Slats

Automatic Slats...

Uses of the Slat...

Flaps

Action of the Flap

Effect of Flap on the Stalling Angle ...

Effect of Flap on the Lift/Drag Ratio
Use of Flap for Take-Off

Leading Edge Flaps

Effect of Flaps on Swept-Back Wings

Effect of Flaps on Wing-Tip Stalling...

Boundary Layer Control
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Use of Suction to Control the Boundary Layer

Use of Blowing to Control the Boundary Layer

Effect of Boundary Layer Control when Flap is Used

CHAPTER 8 : FLIGHT CONTROLS

Introduction
Balancing
Primary Control Surfaces

AIR BRAKES

Effect of Altitude on Air-Brake Effectiveness
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BRAKE PARACHUTES

Parachute Diameter
Retractable Parachutes
Cross-Wind Landings ...
Jettisoning of Brake Parachute

Inadvertent Release in Flight ...

CHAPTER 9: TRIMMING AND BALANCE TABS
Introduction
Fixed Tabs
Servo Tabs
Trimming Tabs ...
Geared and Spring Tabs (Balance Tabs)
Dual Purpose Tabs
Other Methods of Trimming ...

Control Locks on Servo and Spring Tab Control Surfaces

CHAPTER 10: LEVEL FLIGHT
Introduction
The Four Forces
Pitching Moments
Tailplane and Elevator
Variation of Speed in Level Flight
Effect of Weight on Level Flight
Effect of Altitude on Level Flight

CHAPTER 11 : GLIDING AND CLIMBING

Introduction

GLIDING
Forces in the Glide
Effect of Wind on the Glide ...
Effect of Weight on the Glide...
Effect of Weight on Endurance
CLIMBING
Power Available and Power Required
Climbing Performance...
Effect of Altitude on Climbing
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CHAPTER 12: MANEUVRES

Introduction

Axes of Movement of an Aircraft
Acceleration

Gravity ...

Calculation of Centripetal Force
Turning ...

Accelerated or g Stalls
Pitch-Up (Swept-Back Plan Forms) ...
Loads During Turns

Recovery from Dives ...

Rolling with g ... 3

Effect of Wing Loading on Manceuvres
Effect of Flaps on Manceuvres

Effect of Altitude on Manceuvres

MINIMUM-RADIUS AND MAXIMUM-RATE TURNS
Theoretical Considerations

Effect of Compressibility on Theoretical Figures
Variation in C;, Max.
Effect of Variation in C;, Max.

Summary of Turning Performance

CHAPTER 13 : STABILITY
Introduction

Static and Dynamic Stability ...
The Three Axes...

LONGITUDINAL STABILITY
Stability in Level Flight

Position of the C.G.
Stick Forces in Dives ...
Stability Under g
LATERAL AND DIRECTIONAL STABILITY
Introduction

Directional Stability

Lateral Stability

Dihedral Angle ...

Sweepback

High Keel Surface

High Wing and Low C.G.
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INTERACTION BETWEEN LATERAL AND DIRECTIONAL STABILITY

Spiral Instability
Oscillatory Instability ...
Automatic Stabilizers ...
Roll with Yaw ...

Paras.
.. 4345

47
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CHAPTER 14: TRANSONIC AND SUPERSONIC AERODYNAMICS

Introduction
Air Pressure
Pressure Disturbances and Sound Waves
Transonic Airflow
Shock Stalls
Difference Between Subsonic and Supersonic Flow
Effects of the Differences Between Subsonic and Supersonic Airflows
Effect of Angle of Attack on Supersonic Airflow ...
Bi-Convex Aerofoil
Sweepback
Effect of Compressibility on Trailing-Edge Control Surfaces
Variable-Incidence Tailplanes...
All-Moving or Flying Tails ...
All-Moving Wing Tips...
CHAPTER 15: PROPELLER THEORY
Basic Considerations
Total Reaction ...
Pitch
Propeller Efficiency
Constant-Speed Propellers
Power Absorption
Centrifugal Twisting Moment... 5
Variation of Blade Angle— Constant-Speed Propellers
Slipstream
Torque Reaction
Gyroscopic Effect
Counter-Rotating and Co-Axial Propellers ...
Braking Propellers

CHAPTER 16 : HELICOPTERS
(To be issued later)
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CHAPTER 16 : BASIC HELICOPTER AERODYNAMICS

Paras.
Introduction ... i ul=t

THE SINGLE-ROTOR HELICOPTER

Lift and Thrust ... i =4
Flight Controls ... el |
Blade Flapping ... 12
Coning Angle ... 13
The Rotor Disc... 14
Blade Dragging... 15
Reasons for Allowing Individual Blade Freedom of Movement ... ... 16-17
Drag Dampers ... T 18

METHOD OF FUNCTIONING OF CONTROLS

Collective Pitch Lever ... o 19-22
Throttle ... ... 23-24
Rudder Pedals ... 25-26
Cyclic Pitch Stick and the Control Orbit ... vo 2731

Phase Lag «. 32-36
. Advance Angle ... 20 37=39
Relation of Fuselage Attitude to Disc Attitude ... 40
Manual/Servo Controls 41

HOVER AND TRANSITION

Ground Effect ... ... 4244
Further Effects of the Tail Rotor ... ... 45-46
Transition to Forward Flight ... ... 47-48
Induced Power ... ... 49
Drag ... 50-51
Power Required Curve... 52
Variation of r.p.m. with Airspeed ... 53
Variation of r.p.m. with Change of Attitude 54
Transition to Hover ... 55
Overpitching ... 56
Effect of Altitude, Temperature, and Humidity ... 5_7—59

FORWARD FLIGHT
Dissymmetry of Lift ... ... 60-61

Flapping Back of the Disc in Forward Flight ... 62-63
Compensation of Lift Dissymmetry by Feathering... ... 64-71
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LIMITS OF FORWARD SPEED

General Considerations
Effect of Altitude on Forward Flight
Cyclic Stick Forces
STATIC STABILITY
Static Stability with Speed
Static Stability with Disc Angle of Aftack ...
Methods of Increasing Stability

AUTOROTATION
Definition

Autorotative Force
Stability of r.p.m. in Autorotation
Controlling Rate of Descent with r.p.m. during Autorotation

Controlling Rate of Descent with Airspeed during Autorotation...

Varying Rate of Descent with Change of Disc Angle of Attack during Autorotation ...

Best Gliding Conditions in Autorotation
Effect of A.U.W. on Autorotation

GROUND RESONANCE
Sources of Ground Resonance

Precautions Required to Avoid Ground Resonance

CONTROL ON THE GROUND
Taxying ...

Blade Sailing

CENTRE OF GRAVITY AND LOADING
C.G. Range

Methods of Increasing the Permissible C.G. Range
Design Position of the C.G.

THE VORTEX RING
Definition

Main Effects of the Vortex Ring
Other Effects of the Vortex Ring

RANGE AND ENDURANCE
Introduction

Choice of Rotor r.p.m.
Choice of Airspeed
Effect of Weight
Choice of Altitude

General Conclusions
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