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Module 1  Aviation General Lesson 1

Lesson 1

Basic Aerodynamic Knowledge

An aircraft in straight-and-level un-accelerated flight has four forces acting on it (in
turning, diving, or climbing flight, additional forces come into play) ‘" . These forces are
lift, an upward-acting force; drag, a retarding force of the resistance to lift and to the fric-
tion of the aircraft moving through the air; weight, the downward effect that gravity has on
the aircraft; and thrust, the forward-acting force provided by the propulsion system (or, in
the case of unpowered aircraft, by using gravity to translate altitude into speed).Drag and
weight are elements inherent in any object, including an aircraft. Lift and thrust are artifi-

cially created to enable an aircraft to fly ( Figure 1-1).

Weight

Figure 1-1 The four forces acting on an aircraft

Lift

Bernoulli’ s principle states that when a fluid flowing through a tube reaches a con-
striction, or the narrowest part of the tube, the speed of the fluid flowing through that con-

striction is increased and its pressure decreased. The cambered ( curved) surface of an air-

3



KAWL E T IR

foil (wing) affects the airflow exactly as a
constriction in a tube affects airflow'”. This
resemblance is illustrated in Figure 1-2. Dia-
gram A of Figure 1-2 illustrates the effect of air
passing through a constriction in a tube. In Di-
agram B, the air is flowing past a cambered

surface, such as an airfoil, and the effect is

ST A

similar to that of air passing through a restric-

tion.

Air flowing over the top surface of the
sipae 1S Heaiwolls s SHalie wing must reach the trailing edge of the wing in
the same amount of time as the air flowing under the wing. To do this, the air passing over
the top surface moves at a greater velocity than the air passing below the wing because of
the greater distance it must travel along the top surface. This increased velocity, according
to Bernoulli’ s principle, means a corresponding decrease in pressure on the surface. Thus,
a pressure differential is created between the upper and lower surfaces of the wing, forcing
the wing upward in the direction of the lower pressure. In the other words, the difference in
curvature of the upper and lower surfaces of the wing builds up the lift force.
Three-fourths of the total lift of an airfoil is the result of the decrease in pressure over
the upper surface. The impact of air on the under surface of an airfoil produces the other
one-fourth of the total lift. Within limits, lift can be increased by increasing the angle of at-
tack, the wing area, the free-stream velocity, or the density of the air, or by changing the

shape of the airfoil.
Weight

Weight is a force that acts opposite to lift. Designers thus attempt to make the aircraft
as light as possible. Because all aircraft designs have a tendency to increase in weight dur-
ing the development process, modern aerospace engineering staffs have specialists in the
field controlling weight from the beginning of the design. In addition, pilots must control the
total weight that an aircraft is permitted to carry ( passengers, fuel, and freight) both in a-
mount and in location. The distribution of weight (i.e.,the control of the center of gravity of

the aircraft) is as important aerodynamically as the amount of weight being carried.
Thrust

Thrust, the forward-acting force, opposed to drag as lift is opposed to weight. Thrust is
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obtained by accelerating a mass of ambient air to a velocity greater than the speed of the
aircraft ; the equal and opposite reaction is for the aircraft to move forward. In reciprocating
or turboprop-powered aircraft, thrust derives from the propulsive force caused by the rota-
tion of the propeller, with residual thrust provided by the exhaust. In a jet engine, thrust
derives from the propulsive force of the rotating blades of a turbine compressing air, which

then expanded by the combustion of introduced fuel and exhausted from the engine.
Drag

Acting in continual opposition to thrust is drag, which has two elements: parasitic

drag and induced drag.
Parasite Drag

Parasite drag includes all drag created by the airplane, except that drag directly asso-
ciated with the production of lift. It’ s created by the disruption of the flow of air around the
airplane’ s surfaces. Parasite drag is normally divided into three types: form drag, skin

friction drag, and interference drag.
Form Drag

Form drag is created by any structure which protrudes into the relative wind. The a-
mount of drag created is related to both the size and shape of the structure. For example, a
square strut creates substantially more drag than a smooth or rounded strut. Streamlining re-

duces form drag.
Skin Friction Drag

Skin friction drag is caused by the roughness of the airplane’ s surfaces. Even though
these surfaces may appear smooth, under a microscope they may be quite rough. A thin lay-

er of air clings to these rough surfaces and creates small eddies which contribute to drag.

Interference Drag

Interference drag occurs when varied currents of air over an airplane meet and interact.
This interaction creates additional drag. One example of this type of drag is the mixing of
the air where the wing and fuselage is joined.

Each type of parasite drag varies with the speed of the airplane. The combined effect of
all parasite drag varies proportionately to the square of the air speed. In other words, if air-
speed doubled, parasite drag increases by a factor of four.

For most flights it is desirable to have all drag reduced to a minimum, and for this rea-
son considerable attention is given to streamlining the form of the aircraft by eliminating as

much drag-inducing structure as possible (e.g., retracting the landing gear, using flush

5
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riveting, and painting and polishing surfaces). Some less obvious elements of drag include
the relative disposition and area of fuselage, wing, engine, and empennage surfaces; the

intersection of wings and tail surfaces.
Induced Drag

Induced drag is the main by-product of the production of lift. It is directly related to
the angle of attack of the wing. The greater the angle, the greater the induced drag.

Over the past several years the winglet has been developed and used to reduce induced
drag. As discussed earlier in this article, the high pressure air beneath the wing tends to
spill over to the low pressure area above the wing, producing a strong secondary flow. If a
winglet of the correct orientation and design is fitted to a wing tip, a rise in both total lift
and drag is produced. However, with a properly designed winglet, the amount of lift pro-
duced is greater than the additional drag,
resulting in a net reduction in total drag. Flowiseparatinn

As the angle of attack increases, so
does drag; at a critical point, the angle of

attack can become so great that the airflow

is broken over the upper surface of the
wing, and lift is lost while drag increases. Figure 1-3, Flow around airfoil at high angle of attack
This ecritical condition is termed the

stall” ( Figure 1-3).

The aerodynamics of supersonic flight is complex. The Mach number (M) refers to the
method of measuring airspeed that was developed by the Austrian physicist Ernst Mach.
Mach number is the speed of an object moving through air, or any other fluid substance,
divided by the speed of sound as it is in that substance for its particular physical condi-
tions, including those of temperature and pressure.

The critical Mach number for an aircraft has been defined as that at which on some
point of the aircraft, the airflow has reached the speed of sound.

At Mach numbers in excess of the critical Mach number ( that is, speeds at which the
airflow exceeds the speed of sound at local points on the airframe ), there are significant
changes in forces, pressures, and moments acting on the wing and fuselage caused by the
formation of shock waves. One of the most important effects is very large increase in drag as

well as a reduction in lift.



