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CHAPTER 8


PERFORMANCE OBJECTIVE 414


PRINCIPLES OF FLIGHT


SECTION 1


FOUR FORCES ACTING ON AN AIRCRAFT IN FLIGHT

GENERAL
1.

Last year some of you may have been lucky enough to go on familiarization flights. Your aircraft taxied, turned onto the runway and stopped. The airport control tower gave the pilot permission to take off. The engines roared, the brakes were released and you accelerated quickly down the runway until the nose came up and the ground fell away before you. You were flying. But how?

2.

However much we know about science there is something rather magnificent about an aircraft taking flight. An understanding of the principles of flight will take some of the mystery out of flying but not the magnificence.

3.

Planes are heavier than air and as a result they have to rely on their engines to give them power and on their wings to provide lift. Lift is an upward force that overcomes the airplane's weight. Lift is only one of the four forces that act on aircraft in flight. A force can be defined as a strength or power acting on an object. Under normal circumstances, there are four basic forces acting on an aircraft. These include the following:


a.
Weight.  Weight is the force created by gravity. Weight is something all objects possess on earth and it keeps us on the ground.


b.
Thrust.  Thrust is a forward force produced by the propeller, jets or rockets.
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Figure 8‑1  Four Forces Acting on an Aircraft in Flight


c.
Drag.  Drag is the force that works against thrust acting to slow the aircraft down.


d.
Lift.  Lift is the upward force opposing weight that causes an aircraft to move upward.

4.

Flight depends upon the forces being balanced. When they are balanced the plane is said to be in a state of equilibrium where lift equals weight and thrust equals drag. If lift is greater than weight the plane climbs higher. If thrust is greater than drag, the airplane's forward speed will continue to increase.

PRODUCTION OF LIFT

5.

Have you ever held your hand out of the window of a moving car? What happened? Most likely your hand was lifted up. To understand how lift is created you must know what an airfoil is.

6.

Airfoils.  Wings have a shape called an airfoil. An airfoil (wing), or airfoil section, may be defined as any surface designed to obtain a reaction from the air through which it moves, that is, to obtain lift. This shape gives strength, a smooth airflow and better lift. The top half of the wing is more curved than the underside; thus air flowing over it moves faster than the air beneath. As a result, the air exerts less pressure on the wing's upper surface and the higher pressure below produces upward lift.

7.

The process of the high pressure air moving into the low pressure air zone can be explained by Bernoulli's principle. It states that within a system energy cannot be lost or gained. If one element of the system is increased, another decreases to balance it. Lift is created by the high pressure moving to equalize the low pressure air. Air is forced to move faster over the top of the wing as a result of its shape. This reduces the amount of pressure, and the high pressure of stronger, stiller air under​neath the wing causes the plane to move upwards.
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Figure 8‑2  Airfoil Section

8.

The amount of lift is determined by the angle of attack, the angle at which the front of the wing (leading edge) is inclined to the air. The greater the angle, the more lift is created. This is also why a plane has to rush along a runway to take off. Only in this way can the wings produce enough lift to overcome the plane's weight and rise into the air.

9.

Make a wing with a sheet of paper by rolling it around a smooth stick or pencil as shown in Figure 8‑3. Blow hard over the top and watch the paper rise as a result of lift being created.

DRAG
10.

Drag is the force that opposes the forward motion of the aircraft. The forms of drag include the following:


a.
Parasite Drag.  This is the drag created by all those parts of the airplane that do not contribute to lift, that is, the fuselage, landing gear, struts, antennae, wing tip tanks, etc. In addition, any loss of momentum of the air‑stream caused by openings, such as those between the wing and the ailerons and the flaps, add to parasite drag. The following are applicable to parasite drag:



(1)
Parasite drag can be divided into two classes:




(a)
Form Drag.  This refers to the drag created by the form or shape of a body as it resists motion through the air.




(b)
Skin Friction.  This refers to the tendency of air flowing over a body to cling to its surface.



(2)
Although parasite drag can never be eliminated it can be reduced. One method is to eliminate parts of the airplane that cause it. For this reason, retractable landing gear has been developed. Wing struts have been eliminated in favour of fully cantilevered wings. Another method is to streamline those parts that cannot be eliminated. Skin friction can be reduced substantially by the removal of dust, dirt, and mud or ice that has collected on the airplane.
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Figure 8‑3  Bernoulli's Principle
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Figure 8‑4  Airflow Over a Wing


b.
Induced Drag.  This is caused by those parts of an airplane that are active in producing lift (ie, the wings). It is the result of the wing's work and is therefore a part of lift and can never be eliminated. It increases as the angle of attack increases and decreases as the angle of attack decreases.
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Figure 8‑5  Types of Drag


SECTION 2

FLIGHT CHARACTERISTICS
AXES AND STABILITY
11.

When an aircraft is airborne, it can move in almost any direction. All movement of the aircraft, however, takes place around the centre of gravity. To clarify the various attitudes (ways the plane can move) assumed in flight, the aircraft is said to move around an axis. This is an imaginary line running through the centre of gravity of the aircraft and around which the aircraft rotates. There are three such axes and the aircraft may rotate one, two or all three axes at the same time. These include the following:


a.
Longitudinal Axis.  This axis runs front to rear from the nose to the tail, passing through the centre of gravity.


b.
Lateral Axis.  This axis runs from wing tip to wing tip through the centre of gravity.


c.
Vertical Axis.  This axis is situated at right angles to the other axes and passes through the centre of gravity.

PRIMARY FLIGHT CONTROLS AND HOW THEY AFFECT STABILITY
12.

A plane with only a fuselage. wings and engines would be very unstable. A tail plane consists of a small wing and a vertical tail fin and provides stability. An airplane in flight is constantly subjected to forces that disturb it from its normal horizontal flight path. Rising columns of hot air, down drafts and gusty winds make the air bumpy. Its nose and tail drop and one wing dips. How the plane reacts to a disturbance from its flight attitude depends on stability. Adjustable surfaces on both the wings and the tail control the direction of flight.

13.

Movements made by an aircraft around one or the other of its axes are defined as follows:


a.
Rolling.  Rolling is the condition of flight when an aircraft rotates around the longitudinal axis. The plane will roll if the wing tips are displaced up or down. It will also slide sideways toward the lower wing unless corrected by the rudder. Wings are designed to slope upwards from the body of the plane to improve stability, but the ailerons at the ends of the wings on their rear edge (trailing edge) give pilots control. To bank and turn the plane to the left, the left aileron is raised. The right aileron is lowered, increasing the lift on the right wing. Then the left wing tilts downward and the plane turns.
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Figure 8-6  Three Axes of Rotation
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Figure 8‑7  Flight Controls


b.
Pitching.  Pitching is the condition of flight when an aircraft rotates around the lateral axis. If the nose of the plane is displaced upward by air currents, the tail will move down. The pilot makes a correction by pushing the control column forward. The elevators are moved downward, increasing the upward force on the tail. This lowers the nose and returns the plane to stable level flight, preventing the to‑and‑fro rocking called pitch. If the elevators remain lowered the plane will descend.


c.
Yawing.  Yawing is the condition of flight when an aircraft rotates around the vertical or normal axis. If the plane is yawing the nose goes one way first, then the other way. The vertical tail fin helps prevent this and keeps the plane flying straight. A moveable rudder on the tail gives directional control. Turning the rudder to the left increases the force on that side and pushes the plane's nose left. 

AERONAUTICAL TERMS
14.

The definitions that follow are intended to help you as you read through this chapter:


a.
Aircraft.  Any weight‑carrying device designed to be supported by air, either by buoyancy or by aerodynamic reaction.


b.
Airfoil.  A surface so designed as to produce an aerodynamic reaction to its direction of motion.


c.
Airspeed.  Speed of the aircraft in relation to the surrounding air.


d.
Angle of Attack.  The angle between the relative air flow and the chord of the airfoil.


e.
Angle of Incidence.  The angle formed between the chord and the longitudinal datum line.


f.
Aspect Ratio.  The ratio between the span and the chord.


g.
Camber.  The curvature of the wing.


h.
Centre of Gravity.  The balance point.The point through which all weight acts downwards.


j.
Centre of Pressure.  The point along the airfoil chord of the body axis through which the resultant aerodynamic force acts.


k.
Chord.  An imaginary line from the leading edge to the trailing edge of an airfoil.


m.
Dihedral.  The angle each wing makes with the horizontal.


n.
Drag.  The total resistance to the aircraft in flight.


p.
Equilibrium.  Balance between forces, when opposing forces are equal.


q.
Fin.  Vertical stabilizer.


r.
Groundspeed.  The relation between the speed of the aircraft and a point on the ground.


s.
Lateral Axis.  An imaginary line running from wing tip to wing tip through the centre of gravity.


t.
Longitudinal Axis.  An imaginary line extending through the fuselage from the nose to the tail.


u.
Mainplane.  Main supporting airfoil (wing) of the aircraft.


v.
Pitching.  Movement around the lateral axis.


w.
Rolling.  Movement around the longitudinal axis.


x.
Span.  Measurement from wing tip to wing tip.


y.
Stable.  An object is stable if, when disturbed, it returns to its original position.


z.
Stabilizer.  Any surface of airfoil shape whose primary function is to correct instability of an aircraft in flight.


aa.
Stalling Angle.  The angle of attack of an airfoil where the smooth airflow breaks away and becomes turbulent.


ab.
Sweepback.  Outward and backward angle of the leading edge of the mainplane.


ac.
Tailplane.  Horizontal stabilizer. 


ad.
Turbulence.  Disturbed air flow.


ae.
Unstable.  An object is unstable if, when disturbed, it continues to move farther and farther from its original position.


af.
Venturi.  A variable section tube wider at each end than in the middle.


ag.
Vertical Axis.  An imaginary line running at right angles to the longitudinal and lateral axes through the centre of gravity.


ah.
Wing Tip Vortices.  Spiralling air at the wing tips caused by high‑pressure air from the lower surface of the airfoil moving into the low‑pressure air on top of the airfoil. 


ak.
Yawing.  Movement around the vertical axis.

�








