Chapter 2

Objectives:

· Understand why an airplane flies. 

· Recognize the parts of an aircraft, especially the parts of an airfoil. 

· Know how an airplane makes coordinated turns in the air. 

· Understand the basic aerodynamic principles of stability. 

· Pass the lesson quiz with an 80% or higher score. 
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The Parts of an Airplane

Airplane designs are as varied as the thousands of different automobile and truck designs. Some airplanes are bigger than buses and use jets to propel them through the air. Other airplanes are as small as go-carts and use simple piston engines and propellers for propulsion. But all airplanes have common design features. 

The powerplant of an airplane refers to the engine, battery, generator or alternator, the propeller, and all other components designed to generate power and thrust. 

The cabin of the airplane contains all of the seating and space for the airplane’s occupants. Inside the cabin is the cockpit, the section of the airplane where the pilot controls the aircraft with the use of instruments, control levers, a control wheel or stick, and pedals to control the brakes and rudders. 

The wing is the primary surface of the aircraft and usually includes flaps and ailerons, two aerodynamic devices that allow the pilot to control the aircraft. 

The fuselage is the primary structure of the aircraft running from the nose to the tail. The fuselage is designed for strength and contains the powerplant, cabin, cockpit, and empennage. 

Empennage is a French word that refers to the tail of the airplane, usually including the rudder and elevator, two additional control surfaces that the pilot can move. Most airplanes also have a vertical and horizontal stabilizer located in the tail that are form the typical ‘t’ shape of most airplanes. These stabilizers give the airplane stability during flight. 

The airplane you will fly will be a light aircraft with a single-piston engine. Two primary design types are found in light aircraft. The high-wing airplane has the wing attached perpendicular to the top of the fuselage. It is easy to see the ground and other aircraft below high-wing airplane. This is one of the primary reasons that high-wing aircraft are used for aerial photography and sight-seeing. A common high-wing airplane is the Cessna 172. 

Low-wing airplanes have the wing mounted perpendicular to the bottom or center of the fuselage. Low-wing aircraft have excellent visibility above and can more easily see aircraft on takeoff than the high-wing aircraft. Most high-speed aircraft have a low-wing design. Examples of low-wing aircraft include the Piper Warrior and Diamond Katana. 

High-wing and low-wing aircraft pilots can have difficulty seeing each other. High-wing aircraft have better visibility in a descent, and low-wing aircraft can see other aircraft better during a climb. For that reason, the FAA recommends that pilots make shallow s-turns periodically during climbs and descents or on prolonged legs of a cross-country flight. 
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Airfoil  

The airfoil is the basic lifting surface of an airplane. Its design allows it to generate lift as air moves across its surface. An airfoil consists of any surface that generates lift. Commonly, airfoils include the wing, control surfaces such as the rudder, aileron, and elevator, the propeller, and stabilizers. Even radio antennas are often designed in the shape of an airfoil to reduce the total drag on an airplane. 

Airfoils have camber. Camber is a curvature which enables the air to flow around the airfoil. We can actually measure the amount of camber a wing has. Wings designed for takeoff from short airfields have a high amount of curvature or camber. Wings like the F-16 are designed for high-airspeed flight and have a lower amount of camber. 

Airfoils are also either symmetrical or asymmetrical. Symmetrical airfoils have matching top and bottom shapes or an identical camber on the top and the bottom. Symmetrical airfoils include the horizontal and vertical stabilizers on most aircraft. Some fighter aircraft also use symmetrical airfoils. 

Asymmetrical airfoils include most airplane wings and some flaps. There is usually more camber on the top of the wing than the bottom. The extra curvature causes the air to go faster along the cambered surface, generating low pressure and thus lift. 
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 Lift 

Lift is the aerodynamic force generated when an airfoil deflects air downward (or backward) and causes the airfoil to move upward (or forward) into the area of low pressure. Lift is a good thing, and we’ll spend several pages discussing how to generate it, maximize it, and control it. 

Lift is depicted in aviation diagrams as a physical force vector, with a big arrow, acting opposite to the force of weight. 

The story of aviation is also the story of learning how to generate and maximize lift. The early pioneers of glider aviation, including Otto Lilienthal and Octave Chanute learned how wings interact with the air. Their early formulas were tried, tested, and improved by the Wright Brothers, who built the first practical wind tunnels to test their aerodynamic theories and airfoil shapes.  

Lift is, unfortunately, not an exact science. It is still a world of theories and competing ideas. In this lesson, we will discuss two principles of lift generation, Bernoulli’s Principle and Newton’s Third Law of Motion. These two concepts are vital for a fundamental understanding of how airplanes fly, and they are also necessary to pass your FAA Private Pilot Knowledge (Written) Examination. 

There are also other theories and principles concerning lift, including the Coanda Effect, the theory of air displacement based on Newton’s Third Law of Motion, and more advanced principles of dynamic lift. I invite the interested student to browse the Internet or consult a great aerodynamics textbook like Aerodynamics for Naval Aviators if you wish to broaden your knowledge on this subject. 
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Bernoulli’s Principle  
The Swiss scientist Daniel Bernoulli discovered that the pressure of a fluid decreases as its relative velocity increases. This discovery is called Bernoulli’s Principle. He designed a special tube with a constriction or throat called a venturi tube. The scientist then measured pressure at the opening of the tube, at the constriction, and at the exit. The constriction is like the curvature or camber of an airfoil and forces a change in velocity. 

Since air behaves almost always like a fluid and is usually considered a fluid, Bernoulli’s Principle is just as applicable to the airplane as it is a tube of moving fluid like water. 

We will see the venturi tube again in the lesson on engines because the device is used on carburetors. 

Bernoulli made his discovery in the 1700s, and it wasn’t until the 1800s that inventors began to experiment with wing curvature as a way of producing lift.  
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Newton’s Third Law of Motion  

Sir Isaac Newton was one of the greatest scientists and mathematicians of all time. All three of Newton’s Laws of Motion can be observed in aviation. The Third Law of Motion states: for every action there is an equal and opposite reaction. 

This law describes the reaction created as moving air strikes an airfoil, causing a deflection of air (usually downward), and the equal and opposite reaction of the airfoil moving upward. 

This law is the most important principle of rocket operation. As gases are expelled from the rocket, an equal reaction causes the rocket to travel away from the Earth. 

Newton’s Third Law is most important at high speeds. This may describe why there is less wing curvature and dependence on Bernoulli’s Principle on an F-16 than on a light training aircraft like a Cessna 172. 
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The Wing  
The wing is the fundamental airfoil of the airplane. Its shape, width, length, and position have significant aerodynamic impact on an airplane. Large wings with high amounts of curvature contribute strong lift but also create lots of drag. Short wings with less curvature need higher speeds to enable an airplane to become airborne but have less drag. 

One useful measurement of wings is called aspect ratio. It is a measurement of the wingspan divided by the average chord length, which is the line from the leading to trailing edge of the wing (front to back). 

Wings with high aspect ratios are used on gliders and many of the light training aircraft. If an aircraft with a high aspect ratio loses power in flight, it is often able to glide for long distances, enabling the pilot to look for a safe emergency landing place. High aspect ratios also indicate high drag. 

Wings with low aspect ratios are used on high-speed or high-performance aircraft that have substantial and reliable power sources. If the engine or engines should fail, the pilot has to act quickly to re-establish power, find an emergency landing site, or in the case of a fighter aircraft—eject. 
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Wing Definitions 

We need to know several wing definitions to pass the FAA Private Pilot Knowledge (Written) Examination and also to understand some of the more sophisticated principles in aerodynamics. 
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The first two definitions you need to understand are the leading edge and trailing edge of the wing. The leading edge is the front of the wing and reaches the air before the rest of the wing surface. At the leading edge the air separates and goes either above or below the wing. The trailing edge is the back edge of an airfoil. It is the part of the wing that passes through the air last. 

The chord line is an imaginary line that goes from the leading edge to the trailing edge of the airfoil or wing. 

Obviously, as an airplane and its wing move through the air, the wing passes through air. This air is called the relative wind. It isn’t like the general term of wind that we use in meteorology; instead it is the flow of air directly opposite to the direction of the flight path of the airplane. 

The most important wing/airfoil definition is angle of attack, which is defined as the angle between the wing chord line and the direction of the relative wind. Airplanes stall, or quit flying, at a specific angle of attack. This is why sophisticated airplanes like fighter jets or the airliner that I flew have angle of attack indicators that warn pilots of an impending stall. 

The angle of attack at which a wing stalls remains the same regardless of weight or airplane loading. 
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Flaps, Rudders, Elevators, and Ailerons  
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Flaps are unique devices that allow the wing either to change angle of attack or increase in size to enable slower flight with increased lift and increased drag. 

Flaps enable an aircraft to increase the steepness of the angle of descent without increasing airspeed. In light aircraft, flaps usually extend below the wing, changing the position of the chord line. A minor use of flaps is usually used for takeoff, enabling the aircraft to become airborne at a lower airspeed than would otherwise be possible. For example, in the aircraft I fly, I select 15 degrees of flaps for takeoff. 

A higher amount of flap extension is often used for landing. This extension increases lift and greatly increases drag, enabling a steeper approach while keeping the aircraft at a slow speed. In the aircraft I fly, I select 30 or 40 degrees of flap extension for landing. 

Flaps used on large airliners usually extend out and back from the trailing edge of the wing. This not only changes the chord line but also effectively increase wing size. Next time you fly, notice how far the flaps are extended for takeoff and landing. Notice the angle of the flaps and try to imagine the chord line moving from the leading edge to the final trailing edge of these extended (or fowler) flaps. 

Elevators are an important control surface. These devices are controlled by the pilot and affect the pitch up and down of the aircraft. As the pilot pushes forward on the controls, the elevator moves down, causing an increase of lift on the tail of the airplane. When the pilot pulls back, the elevator control surface moves up, which creates more drag and inefficient airflow and causes the tail of the aircraft to move down. In the case of some aircraft called canards, the elevator or horizontal stabilizer is located on the front of the fuselage. 

Rudders are another important control surface. Like the rudders of a ship, they can be used to move the aircraft left and right, about the vertical axis of the airplane. The pilot usually controls the rudders from foot pedals. Pushing down the right foot pedal moves the rudder at the tail of the aircraft to the left, creating a deflection and an area of low pressure that moves the aircraft to the right. The opposite occurs when the left foot pedal is depressed. Rudders are used to help control the airplane on the ground and also to assist with coordinated turns. 
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The aileron is the primary turning control of the aircraft. Ailerons located on the trailing edge of the left and right side of the wing are controlled by the pilot moving the control wheel or stick right or left. When a pilot moves the control wheel to the right, the left aileron moves down, increasing lift and deflection on the left wing. The right aileron moves up, increasing drag. 

Control surfaces are usually actuated by a series of cables and pulleys located inside the aircraft fuselage, empennage, and wing of the light airplane. Pilots should make sure that the controls are moving freely and correctly prior to every flight.  
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The Four Forces of Flight  

The four forces of flight describe physical force vectors that help us to understand the aerodynamics of an airplane. 

The first force is lift. It is created aerodynamically by the airfoil of the airplane. It is usually depicted as an arrow moving upward. 

The second force opposite to lift is called weight. Weight on the Earth is caused by gravity. It is a force pulling the aircraft back toward the ground. 

The third force is called thrust. It is usually generated by a propeller but also by jet engines. Thrust moves the aircraft forward or opposite the direction of the relative wind. 

Directly opposite the force of thrust is drag. Drag is created as a byproduct of lift and also from things like landing gear and radio antennas that cause air friction. 

The four forces of flight are considered to be in equilibrium when the aircraft is in straight and level unaccelerated flight. This means that the aircraft is usually in cruise flight, at a constant speed and not climbing, turning, or descending. Aircraft are aerodynamically designed to cruise with stability and efficiency. 
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Climbs

A climb in the aircraft is initiated by the pilot, usually by applying thrust with a power lever or throttle and by pulling back on the elevator of the aircraft. Whenever the elevator is pulled back, your airspeed decreases. You can only continue to pull back for so long before the airspeed decreases, the angle of attack increases, and the airplane stalls. For that reason, the manufacturer of the light airplane will usually recommend full power for most climbs and a certain airspeed that you will establish. This prevents a stall. 

A combination of the appropriate power and pitch will result in a safe climb. It’s most important to have safe climb speeds during takeoff and landing, when you are close to the ground, where an accidental stall could be fatal. 

Two v-speeds or velocities have been established by most manufacturers to establish the correct airspeed for takeoff. V-x is the speed that will provide the sharpest angle of climb over a short period of time. V-y is the speed that will provide the best rate of climb over a given period of time. You will learn how to monitor your airspeeds during takeoff as part of your initial flight instruction.  
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Descents 
A descent is initiated by pushing the nose of the airplane forward through the use of the elevator. Often, that move is accompanied by a decrease in power or thrust, which assures that the airspeed doesn’t climb too much. If all you do is push the nose down, the aircraft can reach an unsafe speed or a condition that it wasn’t designed to handle. High speeds aggravate the effects of aerodynamic forces on the airplane in instances of climbs, descents, turns, or turbulence. An aircraft that descends too quickly can, hypothetically, lose control or come apart in the air. 

To prevent excessive speeds, use a combination of the appropriate power and pitch for a descent. Also, the student pilot will learn to look at the airspeed indicator and maintain the descent within a safe operating speed. Maximum safe v-speeds include V-ne which is the never exceed speed for an airplane, as indicated by the red arc on the airspeed indicator, and V-a, the safe maneuvering speed for an airplane in case you find yourself in turbulent or erratic air conditions.  
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Straight and Level Flight  
Straight and level flight that is unaccelerated is the condition in which the four forces of flight are considered to be in equilibrium. Attaining this equilibrium can be difficult. 

Turbulence is an air condition that is feared by many and understood by few. It is caused by unequal heating of Earth’s surface and air. Hot air is less dense than cool air. As these pockets of dense and less dense air pass over your wings, the wing’s lift is sometimes erratic. Additional pockets of erratic winds can also blow against the fuselage of the aircraft, creating additional aerodynamic turbulence. 

Turbulence is usually at its worst when the airplane is flying close to the ground during the summer months, during times of temperature change, or in unstable air systems. Turbulence is rarely harmful to the airplane. 

Aircraft designers have created devices, including the horizontal and vertical stabilizers, to dampen the effect of turbulence and help the airplane return to the condition of straight and level flight. 
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 Additionally, most aircraft have trim devices or tabs that can change the angle of attack of the elevator, rudder, or ailerons for certain types of flight. For example, when I’m flying straight and level at certain airspeed, I can adjust the elevator trim so that I don’t have to make continuous input with the elevator. Good pilots know how to make trim adjustments rather than continually jockeying with the control wheel.  
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Turns  

Airplane turns are one of the most graceful and coordinated maneuvers you will perform. Turns allow us to change direction, improve our visibility for other aircraft, and are the foundation of many of the flight maneuvers you will learn. 

A turn is initiated by an aileron movement. A right turn is started by the pilot moving the control wheel or stick to the right, a corresponding movement of the left aileron down, and the right aileron up. The increase of lift to the left wing causes it to rise in position relative to the right wing. Drag caused by the upward deflecting aileron on the right wing causes it to move down slightly.

 Because the drag associated with the increase in lift is greater on the wing with the down aileron (the left wing in this case), a condition called adverse yaw is created. This means that the higher lift wing wants to move back, and the other wing wants to move forward. To counteract this, we apply rudder in the direction of the turn and then continue to use rudder as necessary to keep the aircraft aligned during the turn. The way you can feel this in the airplane is by not applying any rudder. You will feel the aircraft move out of alignment, and you might begin to feel a little sick. This effect is similar to the effect you get by riding at the back of a bus while it is going around a curved road.

Another effect of the turn is an increase of loading on the aircraft. Turns are initiated and the lift vector moves in a horizontal direction. This is called the horizontal component of lift and is the reason the, FAA says, that an airplane turns. Loading increases as this force vector is moved, increasing the actual weight that you and the airplane experience. One g-force is the equivalent of the normal weight of an airplane and a person. Two g’s is the equivalent of double the weight of the airplane or person experienced in a steep turn.
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Drag  

Drag is the force vector opposite thrust but is caused primarily as a byproduct of lift. Any drag that is created as a direct cause of lift is called induced drag. Increasing your angle of attack, for example, causes an increase in induced drag. 

Parasite drag is caused by the friction of air slowing the airplane down when it relative wind flows all of the airplane’s surfaces. Parasite drag is caused by landing gear, rough surfaces caused by frost or icing, wing contamination caused by dead bugs building up on the airplane, and things like antennas or other non-lift creating surfaces. 

An interesting thing happens as an airplane speeds up: its parasite drag increases and its induced drag decreases. For this reason, manufacturers have created drag curves illustrating the middle point where drag is at its lowest. 

You should be very careful about keeping your wings, propellers, and other airfoils clean and free of contamination. During the summer, I frequently wipe down the leading edge of the airfoil from carcasses of hundreds of mosquitoes that have lost their lives there. 

You should also never takeoff if there is frost or ice contamination. Frost interferes with the smooth airflow over the wing and can increase the airspeed at which an airplane stalls. 
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Ground Effect  

The forces of induced drag are at their lowest when there is interference from the ground. Most of the airflow circulates around the wings in a unique pattern, and the pattern is stopped when the airflow is close to the ground or runway. For that reason, an airplane is able to fly at a lower airspeed close to the ground than if it were higher in the sky. This phenomenon is called ground effect. 

Another great advantage of ground effect is a soft cushioning of the air that is especially useful for landing. Ground effect occurs whenever the airplane is within the same height above the ground as the horizontal length of the wingspan. Its effects are most pronounced at half-wingspan length. For example, if your airplane has a wingspan of 20 feet, ground effect is possible at 20 feet above the ground but is most pronounced at ten feet. 

Unfortunately, it is easy for some inexperienced pilots to think they are in a safe aerodynamic climb when in actuality the airplane could stall if it leaves ground effect. The wing requires a lower angle of attack in ground effect to produce the same lift. Pilots should instead use their airspeed indicator to assist takeoff without danger of stalling. 
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Stability and Equilibrium  

Stability is the ability of an aircraft to return to straight and level flight after an upset induced by turbulence, a turn, descent, climb, or erratic control movements. We need to understand how stability is designed and how it works. 

Inherently stable airplanes return to their original position or attitude after an upset. They require significantly less effort to control. 

Static stability refers to the design characteristic of an airplane to return to straight and level flight, but the return also overshoots, causing the airplane to oscillate back and forth. Dynamic stability is the design characteristic that causes these oscillations to reduce over time until the aircraft is stable again. 

An airplane with negative dynamic stability would simply be unable to fly. Negative oscillations would cause the aircraft to become increasingly uncontrollable. In previous decades, test pilots might often be the first to learn of negative stability problems that would force the aircraft into the ground. Today, computers are often able to predict aerodynamic stability. 

Two important factors also contribute to an airplane’s stability along its longitudinal axis: an aircraft’s weight and its center of gravity. The center of gravity is the point at which the aircraft would balance if it were suspended by a pole in the air. Aircraft also have maximum weights. If an airplane is too heavy, it may be difficult to control and be generally unstable. 

If the aircraft’s center of gravity is located too far forward, it is difficult to control the nose. If it is too far aft, it may be impossible to recover from a stall or other condition.  
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Left-turning Tendencies  

There are several left-turning tendencies in most single-engine aircraft, and these effects cause the aircraft to veer to the left. Aircraft designers have reduced the impact of most of these effects, but some still manifest during certain phases of flight. 

P-factor is caused by the asymmetrical thrust generated by the propeller. It is caused by the downward propeller blade creating more thrust than the upward propeller blade. This effect is most pronounced at high power and high angle of attack. Aircraft manufacturers often offset the engine and propeller slightly to the right to help counteract p-factor. 

Torque is explained by Newton’s Third of Motion; an equal and opposite reaction to the torque applied by an engine and propeller causes another tendency of the aircraft to bank left. Stabilizers usually offset some of this effect. 

A third effect is spiraling slipstream. This aerodynamic effect occurs as the downwash from the propeller wraps around the aircraft. 

All of these conditions are at their greatest with high angles of attack and high power settings, which occur during takeoff. 

The first time I flew a small aircraft with a flight instructor, he attempted to get me to control the aircraft on the runway myself. I had no idea how much the aircraft would want to veer to the left and then I had problems with over-correcting. The instructor helped us maintain our straight path along the runway, and I later learned how to make small corrective inputs over time to correct for these tendencies. Pilots must learn to use corrective control movements to adjust for these physical forces.  
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Stalls  

Generally, the higher the angle of attack, the greater the lift produced. That is until the angle of attack becomes so great that aerodynamic forces caused by turbulent airflow cause the airfoil to buffet and stop producing lift. Once this critical angle is reached, the airfoil will stall, or stop producing lift. Most airfoils in general aviation aircraft stall at an angle of attack between 16 and 18 degrees. The angle at which an aircraft stalls is called the critical angle of attack. 

[image: image4.png]Angie e
g oA

(2) The relationship between the Angle of Attack Lift Coefficient
(b) The relationship between the Angle of Attack and Drag Coefficient




How do you increase angle of attack? Most often, pilots increase the pitch of the aircraft by pulling back on the elevator. This changes the angle of the airfoil’s chord line in proportion to the relative wind. But a stall will occur whether it is in a climb, cruise, or descent. 

A few piloting errors will force either the pilot or aircraft into an excessively high angle of attack and thus into a stall. These errors include: 

· Allowing airspeed to slow so much that the pilot or aircraft must seek a higher angle of attack to maintain the same amount of lift. This often happens on takeoff and landing and is why attention to the airspeed indicator is so important during these two phases of flight. 

· Making abrupt pitching moments during maneuvers, such as a turn, climb, or descent. 

· Allowing ice or frost to accumulate on an airfoil, which increases weight and drag and thus will force the pilot to increase angle of attack to maintain lift.    

· When most light aircraft stall, aircraft design causes the wing to drop so that it may reduce angle of attack and stop the stall. This is usually not a problem unless the aircraft is close to the ground. When is the aircraft close to the ground? It is close to the ground during takeoff and landing. 
For nearly every certificate and rating for a pilot, the FAA requires stall entry and recovery practice. These maneuvers are not scary. The beginning pilot often approaches these maneuvers with apprehension but soon learns that the stall is easy to recover from. Light aircraft procedures simply require the pilot to lower the nose with positive elevator control, add full power, and maintain neutral rudder and aileron control.  
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Spins  

A spin occurs when an aircraft stalls with one wing stalled more than the other. The wing drops, and the aircraft literally flutters down like a leaf falling from a tree, spinning around the center axis of the aircraft. It is important that for a spin to occur, the wings must be stalled first, and one must be stalled more so than the other.

The spin is an aerobatic maneuver and should never be performed without an experienced flight instructor or aerobatic pilot. Pilots should never become alarmed by the spin, but should instead correct it in the following way: apply opposite rudder to the direction of the turn, maintain neutral aileron control, and reduce power. If necessary, slightly lower the nose with the elevator to break the stall. Once out of the spin, maintain neutral rudder control to prevent re-entry into another spin. Respond to the new attitude with unusual attitude recovery techniques as taught by your instructor. 

