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New Words

nomenclature AR

axis (HBCH axes) Bl

horizontal KA, SHISFERFATH, BERY
longitudinal ZEBERY, A, K
vertical FEERM, B
perpendicular EHK), MEMM
center of gravity E.[»

airframe KHLHLIE

fuselage KHLHLET
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monoplane FLFA]
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Nomenclature

foolproof AL

it Fh

weight #HJJ

thrust #E7

drag FHN

wing’s span 3B

static flight a7 €47
airfoil L3

chord ¥4k

relative wind  AHXH I
angle of attack 1, M
magnitude &, H{H
conservation of energy fEESF{E
significant BEH), FHEH
partial vacuum 43 EH 2
downwash F ¥
induced drag #EFFH S
parasite drag  JZBH /1
molecule 7+F
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downward [a] N manifest Fn, BHE
simultaneously  [R]f b frontal area WA, WREFR
dihedral L3 ff attitude &7

vertical stabilizer & [ %€ T teardrop HZK, THERR

rudder 7 [a]fE form drag ZMEFH N

pedal [#ti protrusion ffiH, ZEH

elevator FHREME, FHREDL antenna  KZ%

stabilator 23K FREHE enclose ff8------ IR

skin KALZERE shroud WY, BEHEY

cowl &RBHHIFPE fairing #EUE

undercarriage V&4 interference drag T-4BH )
conventional landing gear £, fillet FWH, TWH

Ja =RNREER density S

tricycle configuration Fif = s AR ESE stall 4o

retractable  AJIKCHCHY critical angle of attack Il A0 A, IMF B

1 Axes of an Airplane

An airplane in flight is free to rotate about three axes: horizontal, longitudinal and vertical.
Each axis is perpendicular to the others and each passes through the center of gravity. ( Fig.1.1)

Pitching
moments
Y
Lateral
axis
X
Longitudinal Yawing
axis Rolling sooments
moments CP
Vertical
Z  axis

Fig.1.1 The three axes of an aircraft are mutually perpendicular,
and all pass through the center of gravity of the aircraft.

2 The Parts of an Airplane

Although each manufacturer and each model have their own design features, these general components
are found on every airplane and are called by the same names. The entire structure of an airplane is called the
airframe. The components of the airframe are: the wing, the fuselage, and the tail assembly, or empennage.
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Wings are the major characteristic of an airplane. Wings can be mounted above the cabin( high
wing ) , below the cabin (low wing ) , or anywhere between ( mid wing ) . Each manufacturer
has its own preference. Most modern airplanes are monoplanes; that is, they have one wing each.
The airplanes with two wings are called biplanes. There have even been triplanes, the most famous
of which was the Fokker triplane flown by the Red Baron in World War 1 .

On the trailing ( rearmost ) edge of the wing are two sets of movable surfaces. Those farthest
from the center of the airplane ( outboard ) are called ailerons. Ailerons move when you turn the
control wheel or move the control stick side to side. They move in opposite directions, one going up
while the other goes down. Flaps are the movable surfaces close to the center ( inboard ) . They are
controlled by a lever or switch in the cockpit. Flaps only move downward ( sometimes backward
as well as downward ) , and both flaps always move simultaneously.

On most airplanes, wings contain fuel tanks. This is both structurally efficient and practical.
The weight of the fuel is distributed along the structure that is doing the lifting, and it leaves the
rest of the airframe available for other things, like people and cargo.

When you observe an airplane from the front or rear, you will notice that the wings are not
parallel to the ground but form a slight V. This angle is called the dihedral. The purpose of the
dihedral will not be discussed in this book.

The fuselage is the body of the airplane. It holds the pilot, passengers, and cargo. The fuselage
is designed to be as small as possible for performance reasons yet spacious enough for comfort.

The tail assembly or empennage consists of two sets of surfaces, usually one horizontal and
one vertical. ( There are some airplanes that use a V configuration, but these are not discussed
here to reduce confusion. ) The vertical element has a fixed part called the vertical stabilizer
and a movable part called the rudder. The rudder is controlled by the pedals on the cockpit floor.
The horizontal surface usually has a fixed horizontal stabilizer and a movable elevator. On some
airplanes the entire horizontal surface moves, in which case it is called a stabilator. The elevator or
stabilator is controlled by the fore and aft movement of the control wheel or stick.

The engine and propeller on most single-engine airplanes are mounted on the front of the
fuselage. This is called the tractor ( pulling ) configuration. The protective skin around the
engine is called the cowl. It provides a smooth exterior surface and channels cooling air around
the engine.

The undercarriage of an airplane is its landing gear. Early airplanes had two main wheels under the
fuselage or wings and a smaller wheel under the tail. Since this was the original method of designing
landing gear, it is called conventional landing gear. Today most airplanes are designed with the main
wheels farther aft on the fuselage or wing and with a nose wheel rather than a tail wheel. This is the tricycle
configuration. Tricycle gear airplanes are easier to control on the ground, especially during landing.

The landing gear on an airplane is either fixed or retractable. The fixed gear is cheaper,
easier to maintain, and foolproof ( You don’t have to remember to put it down before landing ) .
Aerodynamically, a retractable gear is preferable because with the wheels and struts placed inside
the wing or fuselage, there is less interference with the flow of air.



3 Flight Theory

3.1 The Forces of Flight

An airplane in flight is at the center of a continuous tug-of-war between two pairs of opposing
forces. Lift opposes weight, and thrust opposes drag.

In straight-and-level, unaccelerated flight the forces about the aircraft center of gravity
are balanced. Lift acts upward and is opposed by weight and the aerodynamic tail load which
acts downward. The thrust acting forward is opposed by the drag which acts rearward. Gravity
constantly pulls the airplane toward the earth. We measure the effects of gravity by the weight of
the aircraft and its cargo.

Thrust is any force acting in the same direction as the airplane flight path ( the motion of the airplane
through the air ) . Typically the power plant system ( the engine and propeller ) provides this force.

Lift and drag are the forces produced by the motion of the airplane through the air. Lift acts
perpendicular ( at a 90-degree angle ) to both the flight path and the wing’s span ( the wing-tip to
wing-tip direction ) . Drag is any force acting parallel to the flight path but in the opposite direction.
Whenever the airplane is flying at a constant airspeed along a steady flight path ( a steady climb, a
steady descent, or straight and level ) , it is in static flight conditions. In static flight the opposing
forces on the airplane are balanced: that is, lift equals weight and thrust equals drag. Whenever
an airplane is turning, changing the speed, or changing the rate of climb, or descent, the opposing
forces are not balanced. However, under any changing condition the airplane is always attempting
to equalize the opposing forces and return to static flight.

3.2 The Creation of Lift

The actions of the physical forces that support an aircraft in flight are not visible. Two basic
laws of physics, Newton’s Third Law of Motion and Bernoulli’s Principle, help explain the
phenomenon of flight.

Newton’s Third Law of Motion states that for every action there is an equal and opposite
reaction. If you could observe the airflow in front of and behind an airplane in flight, you would
see that the air behind the airplane is redirectedly downward. The downward force caused by the
wing is called downwash. The action of redirecting the air down causes the reaction of lifting the
airplane. Only when the mass of air directed down by the wings equals the mass of the airplane
does the airplane fly. Air rushing around and down behind the wings makes an airplane fly.

3.2.1 Airfoils

Any structure that moves through the air for the purpose of obtaining a useful reaction is called
an airfoil. Although airfoils are found in a number of places on an airplane, such as the wings, tail
surfaces, and propellers, the wing is the most important. The special shape of the wing is the secret
to its success. The airfoil has a rounded leading edge and a sharp trailing edge. The curved shape of
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the upper and lower surfaces is called camber. The chord ( or chord line ) is a hypothetical straight
line that passes through the leading and trailing edges of the airfoil.

3.2.2 Relative Wind and Angle of Attack

The stream of air approaching the airfoil is called relative wind since it is a moving mass of
air and has a direction relative to the airfoil. The direction of the relative wind is exactly opposite
that of the flight path of the airfoil. In fact, relative wind is the result of the flight path. The angle
that the relative wind makes with the chord line is called the angle of attack. When describing the
magnitude of this angle, the term low angle of attack means a small angle between the relative wind
and the chord line. As the angle between the relative wind and the chord line increases, the angle of
attack gets higher. The wing’s relative wind is a result of the flight path of the entire airplane.

Newton’s Law describes the effect the wing has on the air it passes through: the wing redirects
air downward. It does not, however, explain how the wing makes this happen. Bernoulli’s Principle
explains what the wing does to the air to cause it to be redirected downward.

3.2.3 Bernoulli’s Principle

The eighteenth-century Swiss physicist Daniel Bernoulli discovered that if air was forced
through a tube with a constriction in it (a venturi tube ) , the pressure of the air was the same at
both ends but less at the constriction. The reason for this, he theorized, was that the mass of air
had to speed up in order to pass the constriction. The total energy of the air at any point in the
tube must be constant because of the conservation of energy ( a law of physics that holds at all
times ) . Bernoulli then deduced that at the constriction, more energy was used to accelerate the air
molecules, leaving less energy to exert pressure on the walls of the tube. He determined that any
time the velocity of air is increased, its pressure is decreased. He observed that the reverse is also
true: when the velocity of air is reduced, its pressure increases.

How does this principle apply to airfoils? The special shape of an airfoil causes the air passing
over it to speed up while the air below the airfoil is slowed. The change that occurs along the upper
surface is the most significant of the two. The higher-velocity air over the top of the airfoil results
in a large low-pressure area above the wing. The decreased air velocity below the airfoil creates a
smaller high-pressure area below the wing.

The large low-pressure area ( which could also be called a partial vacuum ) pulls the wing
up into it. The action of pulling up on the wing causes a reaction of pulling down on the passing
airflow. A similar activity is taking place below the wing, but on a much smaller scale. High
pressure below the wing acts by pushing it up, causing the reaction of pushing the air down.

The net result is an upward force on the wing called the resultant force. The portion of this
resultant force that acts perpendicular to the flight path ( or relative wind ) is called lift. The
downward force transmitted to the passing airflow is downwash. The most important point to
remember is that the upper surface of the wing produces most of the force we call lift.

3.3 The Creation of Drag

Induced Drag. Drag is any force acting parallel to the flight path but in the opposite direction.
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The resultant force created by an airfoil is basically in the correct direction for lift, but not exactly.
Note that the resultant force is not perpendicular to the relative wind; it slants slightly'toward the
direction of the relative wind. Break this force down into two components and show that while lift
is created ( perpendicular to the relative wind ) , some drag is also induced by the creation of lift.
This component of the wing’s resultant force is called induced drag.

(1) Parasite drag. Any solid object ( an airplane, for instance ) that moves through the air
must disturb and displace the air molecules along its path. The air molecules resist this disturbance,
and the resistance is manifested as a drag force called parasite drag. The amount of parasite
drag depends on a number of interacting factors, such as the size of the object, its shape, and the
roughness of its surface.

The effective size of an object as it moves through the air is called its frontal area. You can
visualize frontal area as the shadow an object would cast if a light source came from the same
direction as the relative wind. A given object’s frontal area can vary depending on its attitude with
respect to the relative wind, just as the shape of its shadow depends on how it is presented to the
light. In general, the larger the frontal area, the higher the drag force. However, the shape of the
object also has a powerful effect on drag. A flat plate facing the wind broadside creates a very
large drag force, but if the same frontal area is enclosed in a teardrop shape, the drag is reduced
enormously. This aspect of parasite drag, which depends on both the frontal area and the shape of
the object, is called form drag.

Most aircraft have protrusions that add unwanted but necessary frontal area, such as radio
antennas, wing struts, or fixed landing gear. Aircraft designers often enclose these items in a
metal or plastic shroud called a fairing, which is shaped and oriented to reduce drag as much as
possible. The slowing of air molecules due to skin friction drag is another component of parasite
drag. Smooth surfaces are obviously better than rough ones. The amount of skin friction drag is
proportional to the total amount of surface area of the object.

When two different shapes are joined together, such as a wing and a fuselage, air may not flow
smoothly near the intersection, creating interference drag. Designers often add a specially shaped
piece of metal or plastic, called a fillet, to blend the surfaces and reduce the interference drag.

(2) Total drag. The total drag on an airplane in flight is the combination of its induced drag
and parasite drag.

3.4 Factors that Influence Lift and Drag

The aerodynamic forces on an airplane are influenced by four variables:

(@ Its size and shape.

@ The density of the air through which it is flying.

@ The angle of attack of its wing.

@ The speed at which it is moving through the air.

(1) Size and shape. Although the manufacturer determines the basic size and shape of
an airplane, the pilot does have some ability to modify shape by using the control surfaces. A
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discussion of these controls in detail will take up greater space, so for now we will assume that size
and shape remain constant.

(2) Air density. An airplane creates forces by moving air molecules around, so naturally
those forces are influenced by the density of the air. Density is the number of molecules in a given
volume of air. Lift and drag increase with air density because more molecules are being affected
(all other factors being constant ) . The relationship between air density and the way an airplane
performs is the subject of performance, which is not discussed here. We likewise assume that air
density is not changing.

(3) Lift and drag versus angle of attack: stalls. The most direct way a pilot can control lift
is through the angle of attack of the wing. Increasing the angle of attack increases lift and induced
drag ( all other things being equal ) . ‘

There is, however, an upper limit to what the wing can do. At low angles of attack, the airflow
follows the airfoil surface closely and is efficiently redirected downward. As the angle of attack
increases, the airflow begins to separate from the upper surface of the airfoil at its trailing edge,
and this separation produces an area of disturbed air. The separated airflow hinders the creation of
downwash and increases drag significantly. This separation continues to increase as the angle of
attack increases. When enough lift-producing downwash is replaced by swirling eddies of disturbed
air, lift begins to decrease. At this point the airfoil is stalled.

By definition, a stall occurs when lift decreases as a result of an increase in the angle of attack.
The angle of attack at which the stall begins is called the critical angle of attack.

It must be emphasized that only the angle of attack is responsible for the stall process; neither
the speed nor the attitude of the aircraft controls it. An airfoil stalls any time the critical angle of
attack is exceeded. A stall can occur at any airspeed and in any aircraft attitude. The only way to
recover from a stall is to reduce the angle of attack.

Aircraft structure ( See Fig.1.2 and Fig.1.3)

Fig.1.2 Aircraft structure ( | )
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Fig.1.3 Aircraft structure ( |l )
Engine type ( See Fig.1.4)

Fig.1.4 Reciprocating radial
The structure of a centrifugal turbojet is shown in Fig.1.5.
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Fig.1.5 The centrifugal turbojet



