
“Basics of Flight Mechanics”.

In Section 1 of this course you will cover these topics:
Mechanics
Air And Airflow - Subsonic Speeds
Aerofoils - Subsonic Speeds

Topic : Mechanics

Topic Objective:

At the end of this topic the student would be able to:

 Define Mechanics

 Differentiate between Classical versus quantum Mechanics

 Differentiate between Einsteinian versus Newtonian

 Learn about the types of mechanical bodies

 Learn about the Sub-disciplines in mechanics

 Learn about Fluid Mechanics

 Learn about the assumptions of Fluid Mechanics

Definition/Overview:

Mechanics: Mechanics is the branch of physics concerned with the behaviour of physical bodies

when subjected to forces or displacements, and the subsequent effect of the bodies on their
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environment. The discipline has its roots in several ancient civilizations. During the early

modern period, scientists such as Galileo, Kepler, and especially Newton, laid the foundation for

what is now known as classical mechanics.

Key Points:

1. Classical versus quantum

The major division of the mechanics discipline separates classical mechanics from quantum

mechanics. Historically, classical mechanics came first, while quantum mechanics is a

comparatively recent invention. Classical mechanics originated with Isaac Newton's Laws of

motion in Principia Mathematica, while quantum mechanics didn't appear until 1900. Both are

commonly held to constitute the most certain knowledge that exists about physical nature.

Classical mechanics has especially often been viewed as a model for other so-called exact

sciences. Essential in this respect is the relentless use of mathematics in theories, as well as the

decisive role played by experiment in generating and testing them.

Quantum mechanics is of a wider scope, as it encompasses classical mechanics as a sub-

discipline which applies under certain restricted circumstances. According to the correspondence

principle, there is no contradiction or conflict between the two subjects, each simply pertains to

specific situations. Quantum mechanics has superseded classical mechanics at the foundational

level and is indispensable for the explanation and prediction of processes at molecular and (sub)

atomic level. However, for macroscopical processes classical mechanics is able to solve

problems which are unmanageably difficult in quantum mechanics and hence remains useful and

well used.

2. Einsteinian versus Newtonian

Analogous to the quantum versus classical reformation, Einstein's general and special theories of

relativity have expanded the scope of mechanics beyond the mechanics of Newton and Galileo,
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and made fundamental corrections to them, that become significant and even dominant as speeds

of material objects approach the speed of light, which cannot be exceeded. Relativistic

corrections are also needed for quantum mechanics, although General relativity has not been

integrated; the two theories remain incompatible, a hurdle which must be overcome in

developing the Grand Unified Theory.

3. Types of mechanical bodies

Thus the often-used term body needs to stand for a wide assortment of objects, including

particles, projectiles, spacecraft, stars, parts of machinery, parts of solids, parts of fluids (gases

and liquids), etc. Other distinctions between the various sub-disciplines of mechanics, concern

the nature of the bodies being described. Particles are bodies with little (known) internal

structure, treated as mathematical points in classical mechanics. Rigid bodies have size and

shape, but retain simplicity close to that of the particle, adding just a few so-called degrees of

freedom, such as orientation in space. Otherwise, bodies may be semi-rigid, i.e. elastic, or non-

rigid, i.e. fluid. These subjects have both classical and quantum divisions of study.

For instance, the motion of a spacecraft, regarding its orbit and attitude (rotation), is described by

the relativistic theory of classical mechanics, while the analogous movements of an atomic

nucleus are described by quantum mechanics.

4. Sub-disciplines in mechanics

The following are two lists of various subjects that are studied in mechanics. Note that there is

also the "theory of fields" which constitutes a separate discipline in physics, formally treated as

distinct from mechanics, whether classical fields or quantum fields. But in actual practice,

subjects belonging to mechanics and fields are closely interwoven. Thus, for instance, forces that

act on particles are frequently derived from fields (electromagnetic or gravitational), and

particles generate fields by acting as sources. In fact, in quantum mechanics, particles themselves

are fields, as described theoretically by the wave function.
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4.1. Classical Mechanics

The following are described as forming Classical mechanics:

o Newtonian mechanics, the original theory of motion (kinematics) and forces (dynamics)

o Hamiltonian mechanics, a theoretical formalism, based on the principle of conservation of

energy

o Lagrangian mechanics, another theoretical formalism, based on the principle of the least action

o Celestial mechanics, the motion of heavenly bodies: planets, comets, stars, galaxies, etc.

o Astrodynamics, spacecraft navigation, etc.

o Solid mechanics, elasticity, the properties of (semi-)rigid bodies

o Acoustics, sound ( = density variation propagation) in solids, fluids and gases.

o Statics, semi-rigid bodies in mechanical equilibrium

o Fluid mechanics, the motion of fluids

o Soil mechanics, mechanical behavior of soils

o Continuum mechanics, mechanics of continua (both solid and fluid)

o Hydraulics, mechanical properties of liquids

o Fluid statics, liquids in equilibrium

o Applied mechanics, or Engineering mechanics

o Biomechanics, solids, fluids, etc. in biology

o Biophysics, physical processes in living organisms

o Statistical mechanics, assemblies of particles too large to be described in a deterministic way

o Relativistic or Einsteinian mechanics, universal gravitation

4.2. Quantum mechanics

The following are categorized as being part of Quantum mechanics:

o Particle physics, the motion, structure, and reactions of particles

o Nuclear physics, the motion, structure, and reactions of nuclei

o Condensed matter physics, quantum gases, solids, liquids, etc.

o Quantum statistical mechanics, large assemblies of particles
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5. Fluid Mechanics

Fluid mechanics is the study of how fluids move and the forces on them. (Fluids include liquids

and gases.) Fluid mechanics can be divided into fluid statics, the study of fluids at rest, and fluid

dynamics, the study of fluids in motion. It is a branch of continuum mechanics, a subject which

models matter without using the information that it is made out of atoms. Fluid mechanics,

especially fluid dynamics, is an active field of research with many unsolved or partly solved

problems. Fluid mechanics can be mathematically complex. Sometimes it can best be solved by

numerical methods, typically using computers. A modern discipline, called Computational Fluid

Dynamics (CFD), is devoted to this approach to solving fluid mechanics problems. Also taking

advantage of the highly visual nature of fluid flow is Particle Image Velocimetry, an

experimental method for visualizing and analyzing fluid flow. Fluid mechanics is the branch of

physics which deals with the properties of fluid,namely liquid and gases,and their interaction

with forces.

6. Assumptions of Fluid Mechanics

Like any mathematical model of the real world, fluid mechanics makes some basic assumptions

about the materials being studied. These assumptions are turned into equations that must be

satisfied if the assumptions are to hold true. For example, consider an incompressible fluid in

three dimensions. The assumption that mass is conserved means that for any fixed closed surface

(such as a sphere) the rate of mass passing from outside to inside the surface must be the same as

rate of mass passing the other way. (Alternatively, the mass inside remains constant, as does the

mass outside). This can be turned into an integral equation over the surface. Fluid mechanics

assumes that every fluid obeys the following:

 Conservation of mass

 Conservation of momentum

 The continuum hypothesis, detailed below.

Further, it is often useful (and realistic) to assume a fluid is incompressible - that is, the density

of the fluid does not change. Liquids can often be modelled as incompressible fluids, whereas
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gases cannot. Similarly, it can sometimes be assumed that the viscosity of the fluid is zero (the

fluid is inviscid). Gases can often be assumed to be inviscid. If a fluid is viscous, and its flow

contained in some way (e.g. in a pipe), then the flow at the boundary must have zero velocity.

For a viscous fluid, if the boundary is not porous, the shear forces between the fluid and the

boundary results also in a zero velocity for the fluid at the boundary. This is called the no-slip

condition. For a porous media otherwise, in the frontier of the containing vessel, the slip

condition is not zero velocity, and the fluid has a discontinuous velocity field between the free

fluid and the fluid in the porous media.

Topic Objective:

At the end of this topic the student would be able to:

 Define and explain Aerodynamics

 Learn about the factors affecting air flow

 Learn about the Incompressible Aerodynamics and subsonic flow

Definition/Overview:

Aerodynamics: Aerodynamics is a branch of dynamics concerned with studying the motion of

air, particularly when it interacts with a moving object. Aerodynamics is a subfield of fluid

dynamics and gas dynamics, with much theory shared between them. Aerodynamics is often

used synonymously with gas dynamics, with the difference being that gas dynamics applies to all

gases. Understanding the motion of air (often called a flow field) around an object enables the

calculation of forces and moments acting on the object. Typical properties calculated for a flow

field include velocity, pressure, density and temperature as a function of position and time. By

defining a control volume around the flow field, equations for the conservation of mass,

momentum, and energy can be defined and used to solve for the properties. The use of
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aerodynamics through mathematical analysis, empirical approximation and wind tunnel

experimentation form the scientific basis for heavier-than-air flight.

Key Points:

1. Overview of Aerodynamics

Aerodynamic problems can be identified in a number of ways. The flow environment defines the

first classification criterion. External aerodynamics is the study of flow around solid objects of

various shapes. Evaluating the lift and drag on an airplane, the shock waves that form in front of

the nose of a rocket or the flow of air over a hard drive head are examples of external

aerodynamics. Internal aerodynamics is the study of flow through passages in solid objects. For

instance, internal aerodynamics encompasses the study of the airflow through a jet engine or

through an air conditioning pipe.

The ratio of the problem's characteristic flow speed to the speed of sound comprises a second

classification of aerodynamic problems. A problem is called subsonic if all the speeds in the

problem are less than the speed of sound, transonic if speeds both below and above the speed of

sound are present (normally when the characteristic speed is approximately the speed of sound),

supersonic when the characteristic flow speed is greater than the speed of sound, and hypersonic

when the flow speed is much greater than the speed of sound. Aerodynamicists disagree over the

precise definition of hypersonic flow; minimum Mach numbers for hypersonic flow range from 3

to 12. The influence of viscosity in the flow dictates a third classification. Some problems

involve only negligible viscous effects on the solution, in which case viscosity can be considered

to be nonexistent. The approximations to these problems are called inviscid flows. Flows for

which viscosity cannot be neglected are called viscous flows.

2. Factors affecting air flow

Four properties of air affect the way in which it flows past an object: viscosity, density,

compressibility, and temperature. Viscosity is the resistance of a fluid to flow. Molasses is very
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viscous because is flows slowly, while water is less viscous because it flows readily. The

viscosity of air is important in aerodynamics because air tends to stick to any surface over which

it flows, slowing down the motion of the air. The density and compressibility of air are important

factors at high speeds. As an object travels rapidly through air, it causes air to become

compressed and more dense. As a result, other properties of air then change. The effects of

temperature change on air flow also become important at high speeds. A regular commercial

airplane, after landing, will feel cool to the touch. But the Concorde jet, which flies at twice the

speed of sound, will feel hotter than boiling water.

2.1. Laminar and turbulent flow

Air can travel over a surface following patterns of flow referred to as either laminar or

turbulent. In laminar or streamlined flow, air moves with the same speed in the same

direction at all times. The flow appears to be smooth and regular. Bernoulli's principle

applies during laminar flow. Bernoulli's principle states that a fluid (such as air) traveling

over the surface of an object exerts less pressure than if the fluid were still. Airplanes fly

because of Bernoulli's principle. When an airplane takes off, air rushes over the top

surface of its wing, reducing pressure on the upper surface of the wing. Normal pressure

below the wing pushes the wing upward, carrying the airplane upward along with it.

Turbulent flow is chaotic and unpredictable. It consists of irregular eddies (circular

currents) of air that push on a surface in unexpected ways. The bumpy ride you may have

experienced on a commercial airplane could have resulted from the development of

turbulent flow over the airplane's wings.

2.2. Skin friction and pressure drag

Drag is any force that tends to prevent an object from moving forward. One source of

drag in airplanes and automobiles is skin friction. As air passes over the surface of either

vehicle, friction between air and surface tends to slow the plane or automobile down. One

of the goals of transportation engineers is to find a shape that has the least amount of skin
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friction, thus reducing the amount of drag on the vehicle. Sleek, tear-drop-shaped cars

became popular in the middle to late 1990s because they had so little skin friction.

Engineers also work to reduce pressure drag. Pressure drag is caused by abrupt changes

in the shape of a car or airplane. The point, at which the roof of a car ends, as an example,

is a point of high pressure drag. A car designed with a smooth transition from roof to

trunk will have less pressure drag and, therefore, will travel more smoothly.

3. Incompressible Aerodynamics

An incompressible flow is characterized by a constant density despite flowing over surfaces or

inside ducts. A flow can be considered incompressible as long as its speed is low. For higher

speeds, the flow will begin to compress as it comes into contact with surfaces. The Mach number

is used to distinguish between incompressible and compressible flows.

3.1. Subsonic flow

Subsonic (or low-speed) aerodynamics is the study of inviscid, incompressible and

irrotational aerodynamics where the differential equations used are a simplified version

of the governing equations of fluid dynamics.. It is a special case of Subsonic

aerodynamics. In solving a subsonic problem, one decision to be made by the

aerodynamicist is whether to incorporate the effects of compressibility. Compressibility

is a description of the amount of change of density in the problem. When the effects of

compressibility on the solution are small, the aerodynamicist may choose to assume that

density is constant. The problem is then an incompressible low-speed aerodynamics

problem. When the density is allowed to vary, the problem is called a compressible

problem. In air, compressibility effects are usually ignored when the Mach number in the

flow does not exceed 0.3 (about 335 feet per second or 228 miles per hour or 102 meters

per second at 60oF). Above 0.3, the problem should be solved by using compressible

aerodynamics.
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Topic Objective:

At the end of this topic the student would be able to:

 Define and explain Airfoil

 Learn about the Airfoil terminology

 Learn about the Thin airfoil theory

 Learn about the Derivation of thin airfoil theory

Definition/Overview:

Airfoil: An airfoil or aerofoil is the shape of a wing or blade (of a propeller, rotor or turbine) or

sail as seen in cross-section. An airfoil-shaped body moved through a fluid produces a force

perpendicular to the motion called lift. Subsonic flight airfoils have a characteristic shape with a

rounded leading edge, followed by a sharp trailing edge, often with asymmetric camber. Airfoils

designed with water as the working fluid are also called hydrofoils.

Key Points:

1. Overview of Airfoil

A fixed-wing aircraft's wings, horizontal, and vertical stabilizers are built with aerofoil-shaped

cross sections, as are helicopter rotor blades. Aerofoils are also found in propellers, fans,

compressors and turbines. Sails are also aerofoils, and the underwater surfaces of sailboats, such

as the centerboard and keel, are similar in cross-section and operate on the same principles as

aerofoils. Swimming and flying creatures and even many plants and sessile organisms employ

aerofoils; common examples being bird wings, the bodies of fishes, and the shape of sand

dollars. An aerofoil-shaped wing can create downforce on an automobile or other motor vehicle,

improving traction. Any object with an angle of attack in a moving fluid, such as a flat plate, a
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building, or the deck of a bridge, will generate an aerodynamic force (called lift) perpendicular to

the flow. Aerofoils are more efficient lifting shapes, able to generate more lift (up to a point), and

to generate lift with less drag.

A lift and drag curve obtained in wind tunnel testing is shown on the right. The curve represents

an aerofoil with a positive camber so some lift is produced at zero angle of attack. With

increased angle of attack, lift increases in a roughly linear relation, called the slope of the lift

curve. At about eighteen degrees this aerofoil stalls and lift falls off quickly beyond that. Drag is

least at a slight negative angle for this particular aerofoil, and increases rapidly with higher

angles. Aerofoil design is a major facet of aerodynamics. Various aerofoils serve different flight

regimes. Asymmetric airfoils can generate lift at zero angle of attack, while a symmetric aerofoil

may better suit frequent inverted flight as in an aerobatic aeroplane. In the region of the ailerons

and near a wingtip a symmetric airfoil can be used to increase the range of angle of attacks to

avoid spin-stall. Ailerons itself are not cut into the aerofoil, but extend it. Thus a large range of

angles can be used without boundary layer separation. Subsonic airfoils have a round leading

edge, which is naturally insensitive to the angle of attack. For intermediate Reynolds numbers

already before maximum thickness boundary layer separation occurs for a circular shape, thus

the curvature is reduced going from front to back and the typical wing shape is retrieved.

Supersonic aerofoils are much more angular in shape and can have a very sharp leading edge,

which as explained in the last sentence is very sensitive to angle of attack. A supercritical airfoil

has its maximum thickness close to the leading edge to have a lot of length to slowly shock the

supersonic flow back to subsonic speeds. Generally such transonic aerofoils and also the

supersonic aerofoils have a low camber to reduce drag divergence. Movable high-lift devices,

flaps and sometimes slats, are fitted to aerofoils on almost every aircraft. A trailing edge flap acts

similar to an aileron, with the difference that it can be retracted partially into the wing if not used

(and some flaps even make the plane a biplane if used). A laminar flow wing has a maximum

thickness in the middle camber line. Analysing the Navier-Stokes equations in the linear regime

shows that a negative pressure gradient along the flow has the same effect as reducing the speed.

So with the maximum camber in the middle, maintaining a laminar flow over a larger percentage

of the wing at a higher cruising speed is possible. Of course, with rain or insects on the wing or
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for jetliner like speeds this does not work. Since such a wing stalls more easily, this aerofoil is

not used on wingtips (spin-stall again).

Schemes have been devised to describe airfoils an example is the NACA system. Various ad-hoc

naming systems are also used. An example of a general purpose aerofoil that finds wide

application, and predates the NACA system, is the Clark-Y. Today, aerofoils are designed for

specific functions using inverse design programs such as PROFIL, XFOIL and AeroFoil. X-foil

is an online program created by Mark Drela that will design and analyze subsonic isolated

aerofoils. Modern aircraft wings may have different airfoil sections along the wing span, each

one optimized for the conditions in each section of the wing.

2. Airfoil terminology

The various terms related to airfoils are defined below:

 The mean camber line is a line drawn midway between the upper and lower surfaces.

 The chord line is a straight line connecting the leading and trailing edges of the airfoil, at the

ends of the mean camber line.

 The chord is the length of the chord line and is the characteristic dimension of the airfoil section.

 The maximum thickness and the location of maximum thickness are expressed as a percentage of

the chord.

 For symmetrical airfoils both mean camber line and chord line pass from centre of gravity of the

airfoil and they touch at leading and trailing edge of the airfoil.

 The aerodynamic center is the chord wise length about which the pitching moment is

independent of the lift coefficient and the angle of attack.

 The center of pressure is the chord wise location about which the pitching moment is zero.

3. Thin airfoil theory

Thin airfoil theory is a simple theory of airfoils that relates angle of attack to lift. It was devised

by German mathematician Max Munk and further refined by British aerodynamicist Hermann

Glauert and others in the 1920s. The theory idealizes the flow around an airfoil as two-

dimensional flow around a thin airfoil. It can be imagined as addressing an airfoil of zero
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thickness and infinite wingspan. Thin airfoil theory was particularly notable in its day because it

provided a sound theoretical basis for the following important properties of airfoils in two-

dimensional flow:

 on a symmetric airfoil, the center of pressure lies exactly one quarter of the chord behind the

leading edge

 on a cambered airfoil, the aerodynamic center lies exactly one quarter of the chord behind the

leading edge

 the slope of the lift coefficient versus angle of attack line is units per radian

As a consequence of (3), the section lift coefficient of a symmetric airfoil of infinite wingspan is:

where is the section lift coefficient,

is the angle of attack in radians, measured relative to the chord line.

(The above expression is also applicable to a cambered airfoil where is the angle of attack

measured relative to the zero-lift line instead of the chord line.)

Also as a consequence of (3), the section lift coefficient of a cambered airfoil of infinite

wingspan is:

where is the section lift coefficient when the angle of attack is zero. Thin airfoil

theory does not account for the stall of the airfoil which usually occurs at an angle of

attack between 10 and 15 for typical airfoils.

4. Derivation of thin airfoil theory

The airfoil is modeled as a thin lifting mean-line (camber line). The mean-line, y(x), is

considered to produce a distribution of vorticity γ(s) along the line, s. By the Kutta condition, the

vorticity is zero at the trailing edge. Since the airfoil is thin, x (chord position) can be used
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instead of s, and all angles can be approximated as small. From the Biot-Savart law, this vorticity

produces a flow field w(s) where

where x is the location at which induced velocity is produced, x' is the location of the vortex

element producing the velocity and c is the chord length of the airfoil.

Since there is no flow normal to the curved surface of the airfoil, w(x) balances that from the

component of main flow V which is locally normal to the plate the main flow is locally inclined

to the plate by an angle α − dy / dx. That is

This integral equation can by solved for γ(x), after replacing x by

,

as a Fourier series in Ansin(nθ) with a modified lead term A0(1 + cos(θ)) / sin(θ)

That is

(These terms are known as the Glauert integral).

The coefficients are given by

and

By the KuttaJoukowski theorem, the total lift force F is proportional to

and its moment M about the leading edge to

The calculated Lift coefficient depends only on the first two terms of the Fourier series, as
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The moment M about the leading edge depends only on A0,A1 and A2 , as

The moment about the 1/4 chord point will thus be,

.

From this it follows that the center of pressure is aft of the 'quarter-chord' point 0.25 c, by

The aerodynamic center, AC, is at the quarter-chord point. The AC is where the pitching moment

M' does not vary with angle of attack, i.e.

In Section 2 of this course you will cover these topics:

Thrust

Level Flight

Gliding And Landing

Topic Objective:

At the end of this topic the student would be able to:

 Define Thrust

 Learn about the Aerodynamic Thrust

 Learn about the Glimballed Thrust

 Learn about the Thrust-to-weight Ration

 Learn about the thrust in Aircraft

 Learn about the thrust in Rockets
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Definition/Overview:

Thrust: Thrust is a reaction force described quantitatively by Newton's Second and Third Laws.

When a system expels or accelerates mass in one direction the accelerated mass will cause a

proportional but opposite force on that system.

Key Points:

1. Aerodynamic Thrust

Aerodynamic force is the resultant force exerted on a body by the air (or some other gas) in

which the body is immersed, and is due to the relative motion between the body and the fluid. An

aerodynamic force arises from two causes:

 the force due to the pressure on the surface of the body

 the force due to viscosity, also known as skin friction

When a body is exposed to the wind it experiences a force in the direction in which the wind is

moving. This is an aerodynamic force. When a body is moving in air or some other gas the

aerodynamic force is usually called drag. When an airfoil or a wing or a glider is moving relative

to the air it generates an aerodynamic force that is partly parallel to the direction of relative

motion, and partly perpendicular to the direction of relative motion. This aerodynamic force is

commonly resolved into two components:

 Drag is the component parallel to the direction of relative motion.

 Lift is the component perpendicular to the direction of relative motion. The only other force

acting on a glider or powered airplane is its weight. Weight is not an aerodynamic force.
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2. Glimballed Thrust

Gimbaled thrust is the system of thrust vectoring used in most modern rockets, including the

Space Shuttle and the Saturn V lunar rockets. In a gimbaled thrust system, the exhaust nozzle of

the rocket can be swiveled from side to side. As the nozzle is moved, the direction of the thrust is

changed relative to the center of gravity of the rocket. Since the thrust no longer passes through

the center of gravity, a torque is generated about the center of gravity and the nose of the rocket

turns to the left. If the nozzle is gimballed back along the center line, the rocket will move to the

left. On the rocket at the right, the nozzle has been deflected to the right and the nose is moved to

the right.

3. Thrust-to-weight Ratio

Thrust-to-weight ratio is the ratio of thrust to weight of a rocket, jet engine, propeller engine, or

a vehicle propelled by such an engine. It is a dimensionless quantity and is an indicator of the

performance of the engine or vehicle. The instantaneous thrust-to-weight ratio of a vehicle varies

continually during operation due to progressive consumption of fuel or propellant. The thrust-to-

weight ratio based on initial thrust and weight is often published and used as a figure of merit for

quantitative comparision of the initial performance of vehicles.

4. Aircraft

The thrust-to-weight ratio and wing loading are the two most important parameters in

determining the performance of an aircraft. For example, the thrust-to-weight ratio of a combat

aircraft is a good indicator of the manoeuvrability of the aircraft. The thrust-to-weight ratio

varies continually during a flight. Thrust varies with throttle setting, airspeed, altitude and air

temperature. Weight varies with fuel burn and changes of payload. For aircraft, the quoted

thrust-to-weight ratio is often the maximum static thrust at sea-level divided by the maximum

takeoff weight. In cruising flight, the thrust-to-weight ratio of an aircraft is the inverse of the lift-

to-drag ratio because thrust is equal to drag, and weight is equal to lift.
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4.1. Propeller-driven aircraft

For propeller-driven aircraft, the thrust-to-weight ratio can be calculated as follows:

where is propulsive efficiency at true airspeed

is engine power

5. Rockets

The thrust-to-weight ratio of a rocket, or rocket-propelled vehicle, is an indicator of its

acceleration expressed in multiples of gravitational acceleration g. Rockets and rocket-propelled

vehicles operate in a wide range of gravitational environments, including the weightless

environment. It is customary to calculate the thrust-to-weight ratio using initial gross weight at

sea-level on earth. This is sometimes called Thrust-to-Earth-weight ratio. The thrust-to-Earth-

weight ratio of a rocket, or rocket-propelled vehicle, is an indicator of its acceleration expressed

in multiples of earths gravitational acceleration, g0. The thrust-to-weight ratio of an engine is

larger for the bare engine than for the whole launch vehicle. The thrust-to-weight ratio of a bare

engine is of use since it determines the maximum acceleration that any vehicle using that engine

could theoretically achieve with minimum propellant and structure attached.

For a takeoff from the surface of the earth using thrust and no aerodynamic lift, the thrust-to-

weight ratio for the whole vehicle has to be more than one. In general, the thrust-to-weight ratio

is numerically equal to the g-force that the vehicle can generate. Provided the vehicle's g-force

exceeds local gravity (expressed as a multiple of g0) then takeoff can occur.
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Many factors affect a thrust-to-weight ratio, and it typically varies over the flight with the

variations of thrust due to speed and altitude, and the weight due to the remaining propellant and

payload mass. The main factors that affect thrust include freestream air temperature, pressure,

density, and composition. Depending on the engine or vehicle under consideration, the actual

performance will often be affected by buoyancy and local gravitational field strength.

Topic Objective:

At the end of this topic the student would be able to:

 Define and explain Flight Level

 Learn about the Transition altitude

 Learn about the Quadrantal rule

 Learn about the Semicircular/Hemispheric rule

 Learn about the Reduced Vertical Separation Minima

Definition/Overview:

Flight Level: A Flight Level (FL) is a standard nominal altitude of an aircraft, in hundreds of

feet. This altitude is calculated from a world-wide fixed pressure datum of 1013.25 hPa

(29.921 inHg), the average sea-level pressure, and therefore is not necessarily the same as the

aircraft's true altitude either above mean sea level or above ground level.
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Key Points:

1. Overview of Flight Level

Historically, altitude has been measured using a pressure altimeter, which is essentially a

calibrated barometer. An altimeter measures air pressure, which decreases with increasing

altitude, and from the pressure calculates and displays the corresponding altitude. To display

altitude above sea level, a pilot must recalibrate the altimeter according to the local air pressure

at sea level, to take into account natural variation of pressure over time and in different regions.

If this is not done, two aircraft could be flying at the same altitude even though their altimeters

appear to show that they are at considerably different altitudes. This is a critical safety issue.

Flight levels solve this problem by defining altitudes based on a standard pressure. All aircraft

operating on flight levels calibrate to this setting regardless of the actual sea level pressure.

Flight levels are described by a number, which is this nominal altitude ("pressure altitude") in

feet, divided by 100. Therefore an apparent altitude of, for example, 32,000 feet is referred to as

"flight level 320". To avoid collisions between two aircraft due to their being at the same

altitude, their 'real' altitudes (compared to ground level, for example) are not important; it is the

difference in altitudes that determines whether they might collide. This difference can be

determined from the air pressure at each craft, and does not require knowledge of the local air

pressure on the ground. Flight levels are usually designated in writing as FLxxx, where xxx is a

one- to three-digit number indicating the pressure altitude in units of 100 feet. In radio

communications, FL290 would be pronounced as "flight level two niner zero", in most

jurisdictions. The phrase "flight level" makes it clear that this refers to the standardized pressure

altitude.

2. Transition altitude

Whilst the use of a standardised pressure setting facilitates separation of aircraft from each other,

it does not provide the aircraft's actual height above ground. At low altitudes the true height of an

aircraft relative to an object on the ground needs to be known. The pressure setting to achieve

this is called QNH or "altimeter setting" and is available from various sources, including air

traffic control and the local METAR-issuing station. The transition altitude (TA) is the height

at which aircraft change from the use of altitude to the use of flight levels. When operating at or
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below the TA, aircraft altimeters are usually set to show the altitude above sea level. Above the

TA, the aircraft altimeter pressure setting is normally adjusted to the standard pressure setting of

1013.25 hectopascals (millibars) or 29.92 inches of mercury and aircraft altitude will be

expressed as a flight level.

In the USA and Canada, the transition altitude is 18,000ft. In Europe, the transition altitude

varies and can be as low as 3,000ft. There are discussions to standardize the transition altitude

within the Eurocontrol area. On 25 November 2004 the Civil Aviation Authority of New Zealand

raised New Zealand's transition altitude from 11 000 feet to 13 000 feet and changing the

transition level from flight level 130 to flight level 150. The transition level is the lowest flight

level above the transition altitude. The table on the right shows the transition level according to

transition altitude and QNH. When descending below the transition level, the pilot starts to refer

to altitude of the aircraft by setting the altimeter to the QNH for the region or airfield. Note that

the transition level is, by definition, less than 500ft above the transition altitude. Aircraft are not

normally assigned to fly at the transition level as this does not guarantee separation from other

traffic flying (on QNH) at the transition altitude; the lowest usable flight level is the transition

level plus 500 feet. The transition layer is the airspace between the transition altitude and the

transition level.

3. Quadrantal rule

This rule applies to IFR flights in the UK outside controlled airspace and is advised for VFR

flights above 3,000 ft AMSL outside controlled airspace; few other countries adopt this rule.

Flight levels are 500 ft apart, but to further ensure the separation of aircraft, aircraft travelling in

different directions in level flight (i.e. not climbing or descending) below FL 245 (24,500 ft) are

required to adopt flight levels according to the quadrantal rule, as follows:

 Magnetic Track 000 to 089 - odd thousands of feet (FL 70, 90, 110 etc)

 Magnetic Track 090 to 179 - odd thousands + 500 ft (FL 75, 95, 115 etc)

 Magnetic Track 180 to 269 - even thousands of feet (FL 80, 100, 120 etc)

 Magnetic Track 270 to 359 - even thousands + 500 ft (FL 85, 105, 125 etc)
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4. Semicircular/Hemispheric rule

The semicircular rule (also known as the hemispheric rule) applies, in a slightly different

version, in the entire world, including in the UK inside controlled airspace.

The standard rule defines an East/West track split:

 Eastbound - Magnetic Track 000 to 179 - odd thousands (FL 250, 270, etc.)

 Westbound - Magnetic Track 180 to 359 - even thousands (FL 260, 280, etc.)

At FL 290 and above, if Reduced Vertical Separation Minima are not in use, 4,000 ft intervals

are used to separate same-direction aircraft (instead of 2,000 ft intervals below FL 290), and only

odd flight levels are assigned, depending on the direction of flight:

 Eastbound - Magnetic Track 000 to 179 - odd flight levels (FL 290, 330, 370, etc.)

 Westbound - Magnetic Track 180 to 359 - odd flight levels (FL 310, 350, 390, etc.)

Countries where the major airways are oriented north/south (e.g. New Zealand; France; Italy;

Portugal) have semicircular rules that define a North/South rather than an East/West track split.

In France, for example, southbound traffic uses odd flight levels.

5. Reduced Vertical Separation Minima

(In the U.S. and Canada, the foregoing information applies to flights under instrument flight

rules (IFR). Different altitudes will apply for aircraft flying under visual flight rules (VFR) above

3000 ft AGL.) Reduced Vertical Separation Minima or RVSM reduces the vertical separation

above FL 290 from 2,000 ft to 1,000 ft. This allows aircraft to safely fly more optimum routes,

gain fuel savings and increase airspace capacity by adding six new flight levels. Only aircraft

that have been certified to meet RVSM standards, with several exclusions, are allowed to fly in

RVSM airspace. RVSM went into effect in Europe between FL 290 and FL 410 on the 24th of

January, 2002. The United States, Canada and Mexico transitioned to RVSM between FL 290

and FL 410 on the 20th of January, 2005.

 Track 000 to 179 - odd thousands (FL 290, 310, 330, etc.)

 Track 180 to 359 - even thousands (FL 300, 320, 340, etc.)

At FL 410 and above, 4,000 ft intervals are resumed to separate same-direction aircraft and only

odd Flight Levels are assigned, depending on the direction of flight:
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 Track 000 to 179 - odd flight levels (FL 410, 450, 490, etc.)

 Track 180 to 359 - odd flight levels (FL 430, 470, 510, etc.)

Topic Objective:

At the end of this topic the student would be able to:

 Learn about Soaring

 Learn about Launch methods

 Learn about Landing

Definition/Overview:

Gliding: Gliding refers to the descending flight of heavier-than-air craft, principally gliders

(sailplane)s, hang gliders and paragliders. Technically, gliders, hang-gliders and paragliders are

just different styles of glider used to pursue gliding and soaring for recreation, in the same way

that sailboats and windsurfers share the lake and the wind. Soaring is the correct term to use

when the craft gains altitude or speed from rising air. In air sports the word 'gliding' signifies

only the sport of flying gliders. When soaring conditions are good enough, experienced pilots

can fly hundreds of kilometres before returning to their home airfields, and occasionally flights

over 1,000 kilometres are made. However, if the weather deteriorates, they may need to land

elsewhere, but motorglider pilots can avoid this by starting an engine. While many glider pilots

merely enjoy the sense of achievement, some competitive pilots fly in races around pre-defined

courses. These competitions test the pilots' abilities to make best use of local weather conditions

as well as their flying skills. Local and national competitions are organized in many countries

and there are also biennial World Gliding Championships. Powered aircraft and winches are the

two most common means of launching gliders. These and other methods (apart from self-

launching motor-gliders) require assistance from other participants. Gliding clubs have thus been

established to share airfields and equipment, train new pilots and maintain high safety standards.
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Key Points:

1. Soaring

Glider pilots can stay airborne for hours by flying through the air that is ascending as fast or

faster than the glider itself is descending, thus gaining potential energy. The most commonly

used sources of rising air are

 thermals (updrafts of warm air);

 ridge lift (found where the wind blows against the face of a hill and is forced to rise); and

 wave lift (standing waves in the atmosphere, analogous to the ripples on the surface of a stream).

Ridge lift rarely allows pilots to climb much higher than about 600 m (2,000 ft) above the

terrain; thermals, depending on the climate and terrain, can allow climbs in excess of 3,000 m

(10,000 ft) in flat country and much higher above mountains; wave lift has allowed a glider to

reach an altitude of 15,447 m (50,671 ft). In a few countries, gliders may continue to climb into

the clouds in uncontrolled airspace, but in many countries the pilot must stop climbing before

reaching the cloud base.

1.1. Thermals

Thermals are streams of rising air that are formed on the ground through the warming of

the surface by sunlight. If the air contains enough moisture, the water will condense from

the rising air and form cumulus clouds. Once a thermal is encountered, the pilot usually

flies in circles to keep the glider within the thermal, so gaining altitude before flying off

to the next thermal and towards the destination. This is known as "thermalling". Climb

rates depend on conditions, but rates of several meters per second are common. Thermals

can also be formed in a line usually because of the wind or the terrain, creating cloud

streets. These can allow the pilot to fly straight while climbing in continuous lift. When

the air has little moisture or when an inversion stops the warm air from rising high

enough for the moisture to condense, thermals do not create cumulus clouds. Without
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clouds or dust devils to mark the thermals, the pilot must use his skill and luck to find

them using a sensitive vertical speed indicator called a variometer that quickly indicates

climbs or descents. Typical locations to find thermals are over towns, freshly ploughed

fields and asphalt roads, but thermals are often hard to associate with any feature on the

ground. Occasionally thermals are caused by the exhaust gases from power stations or by

fires. As it requires rising heated air, thermalling is only effective in mid-latitudes from

spring through into late summer. During winter the solar heat can only create weak

thermals, but ridge and wave lift can still be used during this period.

1.2. Ridge lift

A ridge soaring pilot uses air lifted up the sides of hills. It can also be augmented by

thermals when the slopes also face the sun. In places where a steady wind blows, a ridge

may allow virtually unlimited time aloft, though records for duration are no longer

recognized because of the danger of exhaustion.

1.3. Wave lift

The powerfully rising and sinking air in mountain waves was discovered by a glider pilot,

Wolf Hirth, in 1933. Gliders can sometimes climb in these waves to great altitudes,

though pilots must use supplementary oxygen to avoid hypoxia. This lift is often marked

by long, stationary lenticular (lens-shaped) clouds lying perpendicular to the wind.

Mountain wave was used to set the current altitude record of 50,699 feet (15,453 m) on

August 29, 2006 over El Calafate, Argentina. The pilots were Steve Fossett and Einar

Enevoldson, who were wearing pressure suits. The current world distance record of

3,008 km (1,869 statute miles) by Klaus Ohlmann (set on 21 January 2003) was also

flown using mountain waves in South America. A rare wave phenomenon is known as

Morning Glory, a roll cloud producing strong lift. Pilots near Australia's Gulf of

Carpentaria make use of it in springtime.
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2. Launch methods

Gliders, not having engines, use various methods to take off. Glider pilots who want to use the

different types of launch methods must be in current practice in each. Licensing rules in some

countries differentiate between aerotows and ground launch methods, due to the widely different

techniques.

2.1. Aerotowing

Aerotows normally use single-engined light aircraft, although motor gliders have also

been permitted to tow gliders. The tow-plane takes the glider to the desired height and

place where the glider pilot releases the rope. A weak link is often fitted to the rope to

ensure that any sudden loads do not damage the airframe of the tow-plane. During the

aerotow, the glider pilot keeps the glider in one of two positions behind the tow-plane.

This position can either be the "low tow" position, just below the wake from the tow-

plane, or the "high tow" position just above the wake. In Australia the convention is to fly

in low tow, whereas in the United States and Europe the high tow prevails. One rare

aerotow variation is to attach two gliders to one tow-plane, using a short rope for the high

towed glider and the long rope for the low tow.

2.2. Winch-launching

Gliders are often launched using a stationary ground-based winch mounted on a heavy

vehicle. This method is widely used at many European clubs, often in addition to

aerotowing. The engine is usually a large diesel, though hydraulic fluid engines and

electrical motors are also used. The winch pulls in a 1,000 to 1,600 m (3,000 to 5,500-

foot) cable, made of high-tensile steel wire or a synthetic fiber, attached to the glider. The

cable is released at a height of about 400 to 700 m (1,300 to 2,200 feet) after a short and

steep ride. The main advantage of a winch launch is its lower cost, but the launch height

is usually lower than an aerotow, so flights are shorter unless the pilot can quickly make

contact with a source of lift within a few minutes of releasing the cable. Although there is

a risk of the cable breaking during this type of launch, pilots are trained to deal with this.
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2.3. Auto-tow

Another launch method, the "autotow", is rarer nowadays. The direct towing method

requires a hard surface, a powerful vehicle and a long steel cable. After gently taking up

slack in the cable, the driver accelerates hard and the glider rises like a kite to as much as

400 m (1300 ft) if there is a good headwind and a runway of 1.5 km (1 mile) or more.

This method has also been used on desert dry lakes. A variation on this is the "reverse

pulley" method in which the truck drives towards the glider that it is launching with the

cable passing around a pulley at the far end of the airfield, with an effect similar to a

winch launch.

2.4. Bungee launch

Bungee launching was widely used in the early days of gliding, and occasionally gliders

are still launched from the top of a gently sloping hill into a strong breeze using a

substantial multi-stranded rubber band, or "bungee". For this launch method, the glider's

main wheel rests in a small concrete trough. The hook normally used for winch-launching

is instead attached to the middle of the bungee. Each end is then pulled by three or four

people. One group runs slightly to the left, the other to the right. Once the tension in the

bungee is high enough, the pilot releases the wheel brake and the glider's wheel pops out

of the trough. The glider gains just enough energy to leave the ground and fly away from

the hill.

2.5. Cross-country

The distance that a glider can fly for each meter it descends is expressed as its lift-to-drag

ratio (L/D). Depending on the class, this can be between 44:1 and 70:1 in modern

designs. This performance combined with regular sources of rising air enables gliders to

fly long distances at high speeds. The record average speed for 1,000 km is 169.7 km/h

(621 statute miles at 105 miles/h). Even in places with less favorable conditions (such as
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Northern Europe) most skilled pilots complete flights over 500 km (310 miles) every

year.

Glider pilots are required to stay within gliding range of their home airfield for their early

solo flights as student pilots. Cross-country flights are allowed when they have sufficient

experience to find sources of lift away from their home airfield, to navigate and to land

elsewhere if necessary. As the performance of gliders improved in the 1960s, the concept

of flying as far away as possible became unpopular with the crews who had to retrieve

the gliders. Pilots now usually plan to fly around a course (called a task) via turn-points,

returning to the starting point. In addition to just trying to fly further, glider pilots also

race each other in competitions. The winner is the fastest, or, if the weather conditions are

poor, the furthest round the course. Tasks of up to 1,000 km have been set and average

speeds of 120 km/h are not unusual. Initially, ground observers confirmed that pilots had

rounded the turn-points. Later, the glider pilots photographed these places and submitted

the film for verification. Today, gliders carry secure GNSS Flight Recorders that record

the position every few seconds from GPS satellites. These recording devices now provide

proof that the turn-points have been reached.

National competitions generally last one week, with international championships running

over two. The winner is the pilot who has amassed the greatest number of points over all

the contest days. However, these competitions have as yet failed to draw much interest

outside the gliding community for several reasons. Because it would be unsafe for many

gliders to cross a start line at the same time, pilots can choose their own start time.

Furthermore, gliders are not visible to the spectators for long periods during each day's

contest and the scoring is complex, so gliding competitions have been difficult to

televise. In an attempt to widen the sport's appeal, a new format, the Grand Prix, has been

introduced. Innovations introduced in the Grand Prix format include simultaneous starts

for a small number of gliders, tasks consisting of multiple circuits, and simplified scoring.

There is decentralized Internet based competition called the Online Contest where pilots

upload their GPS data files and are automatically scored based on distance flown. 7,800

pilots worldwide participated in this contest in 2006.
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2.5.1. Maximizing average speed

Soaring pioneer Paul MacCready is usually credited with developing a

mathematical theory for optimizing the speed to fly when cross-country soaring,

though it was first described by Wolfgang Spte (who later became famous for

flying Messerschmitt Me 163 Komet rocket fighters with the Luftwaffe late in

World War II) in 1938. The speed to fly theory allows the optimal cruising speed

between thermals to be computed, using thermal strength, glider performance and

other variables. It accounts for the fact that if a pilot flies faster between thermals,

the next thermal is reached sooner. However at higher speeds the glider also sinks

faster, requiring the pilot to spend more time circling to regain the altitude. The

MacCready speed represents the optimal trade-off between cruising and circling.

Most competition pilots use MacCready theory to optimize their average speeds,

and have the calculations programmed in their flight computers. The greatest

factor in maximizing average speed, however, remains the ability of the pilot to

find the strongest lift.

On cross-country flights where strong lift is forecast, pilots fly with water ballast

stored in tanks or bags in the wings and fin. The fin tank is used to reduce trim

drag by optimizing the center of gravity, which typically would shift forward if

water is stored only in the wings ahead of the spar. Ballast enables a sailplane to

attain its best L/D at higher speeds but slows its climb rate in thermals, in part

because a sailplane with a heavier wing loading cannot circle within a thermal as

tightly as one with a lower, unballasted wing loading. But if the lift is strong,

typically either from thermals or wave, the disadvantage of slower climbs is

outweighed by the higher cruising speeds between the lift areas. Thus, the pilot

can improve the average speed over a course by several percent or achieve longer

distances in a given time. If lift is weaker than expected, or if an off-field landing

is imminent, the pilot can jettison the water ballast by opening the dump valves.
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2.5.2. Badges

Achievements in gliding have been marked by the awarding of badges since the

1920s. For the lower badges, such as the first solo flight, national gliding

federations set their own criteria. Typically, a bronze badge shows preparation for

cross-country flight, including precise landings and witnessed soaring flights.

Higher badges follow the standards set down by the Gliding Commission of the

Fdration Aronautique Internationale (FAI). The FAI's Sporting Code defines the

rules for observers and recording devices to validate the claims for badges that are

defined by kilometers of distance and meters of altitude gained. The Silver-C

badge was introduced in 1930. Earning the Silver Badge shows that a glider pilot

has achieved an altitude gain of at least 1,000 m, made a five-hour duration flight,

and has flown cross-country for a straight-line distance of at least 50 km: these

three attainments are usually, but not invariably, achieved in separate flights. The

Gold and Diamond Badges require pilots to fly higher and further. A pilot who

has completed the three parts of the Diamond Badge has flown 300 km to a pre-

defined goal, has flown 500 km in one flight (but not necessarily to a pre-defined

goal) and gained 5,000 m in height. The FAI also issues a diploma for a flight of

1,000 km and further diplomas for increments of 250 km.

2.5.3. Landing out

If the lift is not found during a cross-country flight, for example because of

deteriorating weather, the pilot must choose a field and 'land out'. Although

inconvenient and often mistaken for "emergency landings", landing out (or

"outlanding") is a routine event in cross-country gliding. The pilot has to choose a

field where the glider can be landed safely, without damaging property such as

crops or livestock. The glider and the pilot(s) can be retrieved from the field using

a purpose-built trailer. Alternatively, if the glider has landed in a suitable field, a

tow-plane can be summoned to re-launch the aircraft (as long as the property

owner gives permission). The glider pilot typically pays for the time the tow-
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plane is in the air, both to and from the field, so this alternative can become

expensive.

2.5.4. Use of engines or motors

Although adding to the weight and expense, some gliders are fitted with small

power units and are known as motor gliders. This avoids the inconvenience of

landing out. The power units can be internal combustion engines, electrical

motors , or retractable jet engines. Retractable propellers are fitted to high

performance sailplanes, though in another category, called touring motor gliders,

non-retractable propellers are used. Some powered gliders are 'self launching,'

which makes the glider independent of a tow plane. However some gliders have

'sustainer' engines that can prolong flight but are not powerful enough for

launching. All power units have to be started at a height that includes a margin

that would still allow a safe landing-out to be made, if there were a failure to start.

In a competition, using the engine ends the soaring flight. Unpowered gliders are

lighter and, as they do not need a safety margin for starting the engine, they can

safely thermal at lower altitudes in weaker conditions. Consequently, pilots in

unpowered gliders may complete competition flights when some powered

competitors cannot. Conversely, motor glider pilots can start the engine if

conditions will no longer support soaring flight, while unpowered gliders will

have to land out, away from the home airfield, requiring retrieval by road using

the glider's trailer. Opinions differ whether difficult flights, where an engine was

always available, are as satisfying as flights in pure gliders.

3. Landing

Landing is the last part of a flight, where a flying animal, aircraft, or spacecraft returns to the

ground. When the flying object returns to water, the process is called alighting, although it is

commonly called "landing" and "touchdown" as well. A normal aircraft flight would include

several parts of flight including taxi, takeoff, climb, cruise, descent and landing. This article

describes the last portion of flight as the plane, bird, or rocket touches the ground. Landing

occurs after descent. While inflight, the four major forces acting on the object are; lift, thrust,
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gravity and drag. Flying is accomplished by generating enough lift to offset gravity to stay in the

air.

To land, the airspeed and the rate of descent are reduced to where the object descends at a slow

enough rate to allow for a gentle touch down. Each different type of flying object generates lift in

a different manner. Airplanes, birds and flying insects use a wing. A bird generates thrust and lift

by flapping its wings, and aircraft generate thrust with some form of an engine. The air passing

over the wing of an aircraft generates lift. A helicopter uses rotary wings to generate lift and

changes the angle of the rotor to generate thrust. Rockets or Vertical Jet engines are also

commonly used on speciality aircraft to generate Lift. Air balloons use a lighter than air gas to

generate buoyancy or lift. The term landing is also applied to people or objects descending to the

ground using a parachute. These objects are considered to be in a controlled descent instead of

actually flying. A parachute works by capturing air inducing enough drag that the object that is

falling hits the ground at a relatively slow speed. There are many examples of parachutes in

nature including the seeds of a dandelion. People who intentially land using a parachute are

called parachutists.

Sometimes, a safe landing is accomplished by using multiple forms of lift, thrust and dampening

systems. The lunar lander used a rocket, landing gear and the legs of the astronauts to land on the

moon. Several Soviet rockets including the Soyuz have used parachutes and airbag landing

systems to dampen the landing on earth. Aircraft usually land at an airport on a firm runway or

helicopter landing pad, generally constructed of asphalt concrete, concrete, gravel or grass.

Aircraft equipped with pontoons are able to land on water. Aircraft also sometimes use skis to

land on snow or ice. For aircraft, landing is accomplished by slowing down and descending to

the runway. This speed reduction is accomplished by reducing thrust and/or inducing a greater

amount of drag using flaps, landing gear or speed brakes. As the plane approaches the ground,

the pilot will execute a flare to induce a gentle landing.

A flare is performed by rotating the wings where the rate of descent will be reduced often by

adopting a nose-up attitude. The attitude is held until the undercarriage touches the ground, and

the controls are either held until all wheels touch the ground or gently adjusted (in the case of

tail-draggers) to ensure the nose-wheel or tail-wheel lightly touches the runway.
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In a small plane, with little crosswind, it is considered a "perfect" landing when contact with the

ground occurs as the forward speed is reduced to the point where there is no longer sufficient

airspeed to remain aloft. The stall warning is often heard just before landing indicating that this

speed and altitude have been reached. The effect causes a very light touch down for the pilot and

passengers.

In large transport category (airliner), aircraft pilots land the aircraft by "flying the airplane on to

the runway." The airspeed and attitude of the plane are adjusted for landing. The airspeed is kept

well above stall speed and at a constant rate of descent. A flare is performed just before landing

and the descent rate is significantly reduced causing a light touch down. Upon touchdown,

spoilers (sometimes called "lift dumpers") are deployed to dramatically reduce the lift and

transfer the aircraft's weight to its wheels, where mechanical braking, such as an autobrake

system, can take effect. Reverse thrust is used by many jet aircraft to help slow down just after

touch-down, redirecting engine exhaust forward instead of back. Some propeller planes also have

this feature, where the blades of the propeller are re-angled to push air forward instead of back.

Factors such as crosswind where the pilot will use a crab landing or a slip landing will cause

pilots to land slightly faster and sometimes with different attitudes to ensure proper handling and

safety of the plane. Other factors affecting a particular landing might include some or all of the

following partial list; the plane size, wind, weight, runway length, obstacles, ground effects,

weather, runway altitude, air temperature, air pressure, air traffic control, visibility, avionics, and

the overall situation, et cetera.

In Section 3 of this course you will cover these topics:

Performance

Manoeuvres

Stability And Control
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Topic Objective:

At the end of this topic the student would be able to:

 Define Wing Configuration

 Learn about Wing Support

 Learn about Wing Platform

 Learn about Variable Geometry

Definition/Overview:

Wing Configuration: Several factors affect the wing configuration of any particular design, and

many different configurations have been used. This page provides a breakdown of the various

types, allowing a full description of any aircraft's wing configuration. For example the Spitfire

wing may be classified as a conventional low wing cantilever monoplane configuration with

straight elliptical wings of moderate aspect ratio and with slight dihedral. Sometimes the

distinction between types is blurred, for example the wings of many modern combat aircraft may

be described either as cropped compound deltas with (forwards or backwards) swept trailing

edge, or as sharply tapered swept wings with large LERX.

All the configurations described have flown (if only very briefly) on full-size aircraft, except as

noted. Some variants may be duplicated under more than one heading, due to their complex

nature. This is particularly so for variable geometry and combined (closed) wing types.

Key Points:

1. Wing Support

o support itself a wing has to be rigid, strong and consequently heavy. By adding external

supports, the weight can be greatly reduced. Originally, this was always done. But bracing causes
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a large amount of drag at higher speeds, so it has not been used for faster designs since the early

1930s.

The various types are:

 Cantilevered - Self-supporting. All the structure is buried under the aerodynamic skin, giving a

clean appearance with low drag.

 Braced:

o Strut braced - One or more stiff compression struts help to support the wing.

o Wire braced - In addition to struts, some tension wires also help to support the wing.

 Combined or closed wing - Two wings are joined structurally at the tips in some way. This

stiffens the structure, and can reduce aerodynamic losses at the tips. Variants include:

o Box wing - Upper and lower planes are joined by a vertical fin between their tips. Some Dunne

biplanes were of this type.

o Joined wing - A tandem layout in which the front wing sweeps back and the rear wing sweeps

forwards such that they join at the tips to form a continuous surface in a hollow diamond shape.

The design has recently attracted much research, but has not yet flown on a full-size aircraft.

o Annular or ring wing - May refer to either of two types:

 Cylindrical - The wing is shaped like a cylinder. In the coleopter design it encloses a propeller.

 Flat - The wing is shaped like a circular disc with a hole in it. A Lee-Richards type was one of

the first stable aircraft to fly, shortly before the First World War.

Most if not all multi-plane designs are braced. Some monoplanes, especially early designs such

as the Fokker Eindecker, are also braced to save weight.

Wings can also be characterised as:

 Rigid - Stiff enough to maintain the aerofoil profile in varying conditions of airflow.

 Flexible - Usually a thin membrane. Requires external bracing or wind pressure to maintain the

aerofoil shape. Common types include Rogallo wings and kites.
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2. Wing Platform

2.1. Aspect ratio

The aspect ratio is the span divided by the mean or average chord. It is a measure of how

long and slender the wing appears when seen from above.

o High aspect ratio - Long and slender wing. More efficient aerodynamically, having less drag, at

low speeds. They tend to be used by high-altitude subsonic aircraft and by high-performance

sailplanes.

o Moderate aspect ratio - Typical general-purpose wing.

o Low aspect ratio - Short and stubby wing. More efficient structurally, more maneuverable, and

with less drag at high speeds. They tend to be used by fighter aircraft and by very high-speed

aircraft.

Most Variable geometry configurations vary the aspect ratio in some way, either deliberately or

as a side effect.

2.2. Angle of sweep

The main reason for wing sweep is to reduce drag at transonic speeds. It is occasionally

done to adjust the center of lift when the wing cannot be attached in the ideal position for

some reason.

o Straight - Extends at right angles to the line of flight. The most efficient structurally, and

common for low-speed designs.

o Backwards swept - (references to "swept" often assume backwards sweep). The wing angles

backwards from the root. This reduces drag at transonic speeds, but can handle badly in or near a

stall, and requires high stiffness to avoid aeroelasticity at high speeds. Common for high-

subsonic and supersonic designs.

o Forward swept - The wing angles forwards from the root. Similar to backwards sweep, avoids

the stall problems and has reduced tip losses allowing a smaller wing, but requires even greater

stiffness and for this reason is not often used. A civil example is the HFB-320 Hansa Jet.
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o M-wing - The inner wing section sweeps forward, and the outer section sweeps backwards. The

idea has been studied from time to time, but no example has ever been built.

o W-wing - The inner wing section sweeps back, and the outer section sweeps forwards. The

reverse of the M-wing. The idea has been studied even less than the M-wing and no example has

ever been built.

o Crescent - Wing outer section is swept less sharply than the inner section. Used for the Handley

Page Victor.

Some types of variable geometry vary the wing sweep during flight:

o Swing-wing - Also called "variable sweep wing". The left and right hand wings vary their sweep

together, usually backwards. Seen in a few types of combat aircraft, the first being the General

Dynamics F-111.

o Oblique wing - A single full-span wing pivots about its mid point, so that one side sweeps back

and the other side sweeps forward. Flown on the NASA AD-1 research aircraft.

2.3. Variation along span

The wing chord may be varied along the span of the wing, for both structural and

aerodynamic reasons.

o Constant chord - Leading and trailing edges are parallel. Simple to make, and common where

low cost is important.

o Elliptical - Wing edges are parallel at the root, and curve smoothly inwards to a rounded tip, with

no division between the edges and the tip. Aerodynamically the most efficient, but difficult to

make. Famously used on the Supermarine Spitfire.

o Tapered - Wing narrows towards the tip. Structurally and aerodynamically more efficient than a

constant chord wing, and reasonably easy to make.

o Trapezoidal - A short (low aspect ratio), tapered wing having little or no sweep, so that the

leading edge sweeps back and the trailing edge sweeps forwards. Used for example on the

Lockheed F-22 Raptor.

o Reverse tapered - Wing widens towards the tip. Structurally very inefficient, leading to high

weight. Flown experimentally on the XF-91 Thunderceptor in an attempt to overcome the stall

problems of swept wings.
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o Circular - Approximately circular planform. The Vought XF5U attempted to counteract the large

tip vortices by using large propellers rotating in the opposite sense to the vortices.

o Flying saucer - Tailless circular flying wing. The Avrocar demonstrated the inherent instability

of the design.

Delta - Triangular planform with swept leading edge and straight trailing edge. Offers the

advantages of a swept wing, with good structural efficiency. Variants are:

 Cropped delta - Tip is cut off. This helps avoid tip drag at high angles of attack. At the extreme,

merges into the "tapered swept" category.

 Compound delta or double delta - Inner section has a steeper leading edge sweep. This improves

the lift at high angles of attack and delays or prevents stalling.

 Ogival delta - A smoothly blended "wineglass" double-curve encompassing the leading edges

and tip of a cropped compound delta. Seen in tailless form on the Concorde and Tupolev Tu-144

supersonic transports.

 Tailless delta - A classic high-speed design, used for example in the widely built Dassault

Mirage III series.

 The angle of sweep (Crescent, M- and W-wings) and/or dihedral angle (Gull, cranked and

ruptured duck) may also be varied along the span, for a number of different reasons.

3. Variable Geometry

A variable geometry aircraft is able to change its physical configuration during flight. Fixed

wing types of variable geometry include:

Variation of wing planform:

 Swing-wing - Also called "variable sweep wing". The left and right hand wings vary their sweep

together, usually backwards.

 Oblique wing - A single full-span wing pivots about its mid point, so that one side sweeps back

and the other side sweeps forward.
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 Extensible wing - The outer wing section retracts inwards to reduce drag and low-altitude buffet

for high-speed flight, and is extended only for takeoff, low-speed cruise and landing. The Grin

Varivol biplane flew in 1936.

Variation of wing chord:

 Variable incidence - The leading edge of the wing tilts upwards at takeoff. May be by a small

amount for STOL performance. The only example is the F-8 Crusader.

 Variable camber - The leading and trailing edge sections of the wing pivot down to increase the

effective camber of the wing. This increases lift at low angles of attack, and delays stalling at

high angles of attack.

Some types of variable geometry transition between fixed and rotary wing configurations.

Topic Objective:

At the end of this topic the student would be able to:

 Define Aerobatic maneuvers

 Learn about the basic Aerobatic Figures

Definition/Overview:

Aerobatic maneuvers: Aerobatic maneuvers are flight paths putting aircraft in unusual attitudes,

in air shows, dog fights or competition aerobatics. Aerobatics can be performed by a single

aircraft or in formation with several others. Nearly all aircraft are capable of performing

aerobatics maneuvers of some kind, although it may not be legal to do so in certain aircraft.

Aerobatics consist of five basic maneuvers: Lines (both horizontal and vertical), Loops, Rolls,

Spins, and Hammerheads. Most aerobatic figures are composites of these basic maneuvers with

rolls superimposed.
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Key Points:

1. Basic Aerobatic Figures

Most of these can be entered either erect or inverted, flown backwards or have extra rolls added.

Where appropriate, the Aresti Catalog symbols have been included. Not all the figures are

competition figures, and so some do not have diagrams to accompany the description. Reading

the diagrams, a figure is flown from end with the solid circle to the end with the line. Inverted

flight (negative g) is depicted by dashed red lines.

Figure Name Description Aresti Symbol

Chandelle

Chandelle, Wing-

over

Consists of a maximum climb, maximum bank

combination to obtain the greatest altitude gain

for a given airspeed and at the same time

making a 180 course reversal. (Low, positive g

maneuver can be performed in all aircraft.)

(Not a competition figure.)

Cuban Eight

Cuban Eight

5/8s of a loop to the 45 degree line, 1/2 roll,

5/8s of a loop to the 45 degree line, 1/2 roll,

3/8s of a loop to level flight. (Half of the Cuban

Eight is called a "half Cuban Eight", and the

figure can be flown backwards, known as a

"Reverse Cuban Eight")

Half Cuban Eight

From level flight, 5/8s loop to the inverted 45

line, 1/2 roll to erect down 45 line, pull to level

flight.
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Reverse Half

Cuban Eight

From level flight pull to the 45 up line, 1/2 roll

to inverted 45 up line, then 5/8s of a loop to

level flight.

Hammerhead; Stall Turn

Hammerhead;

Stall Turn

1/4 loop (pull or push) to vertical, as

momentum/airspeed decreases, rudder is

applied and the aircraft rotates around its yaw

axis, the nose falls through the horizon and

points towards the ground, a momentary pause

is made to draw the vertical down line, and 1/4

loop to level flight. This figure is sometimes

called a stall turn which is a misnomer because

the aircraft never actually stalls. The

manoeuvre is performed when the aeroplane

decelerates through 20 - 30kts (more or less,

depending on the aeroplane flown) of airspeed.

The cartwheel portion of the hammerhead is

performed with full rudder and full opposite

aileron. Gyroscopic forces from the propeller

during the rapid rate of yaw will produce a

pitching and rolling moment and a degree of

forward stick will be required to keep the

aeroplane from coming off-line over the top.

The yaw is stopped with opposite rudder while

the ailerons and elevator remain in position,

then once the yaw is stopped and the aeroplane

is pointed down vertically, all controls are

returned to neutral together. Although they can

be flown left or right in any aeroplane with the
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proper technique, a hammerhead is best flown

to the left with a clockwise rotating prop, and

to the right with an anticlockwise rotating prop

(as in a Yakovlev type), due to propeller

torque/gyroscopic effects.

Immelmann; Roll-off-the-top; Split S

Immelmann;

Immelmann turn;

Roll-off-the-top;

half loop, half roll

1/2 looping up followed by half a roll. There

should be no pause between the end of the

looping section and the start of the roll to erect

flight.

Split S

Essentially an Immelmann in reverse. Half roll

(from erect to inverted) followed by positive

pitch to give a half loop. Converts altitude to

airspeed, and reverses direction.

Up lines

Vertical up

Fly the aircraft so that the fuselage is

perpendicular to the ground (along the wings'

Zero lift axis.) The flight path is not judged,

and therefore the aircraft may drift downwind

during a vertical maneuver.

45 up line

The object is for the airplane flight path to be

45 from horizontal, as viewed by a ground

observer. The actual angle flown when viewed

by the pilot would differ depending on whether

the figure is flown into or with the wind, and

wind strength.
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Loop

Inside loop

A vertical circle entered from straight and erect

level flight. A positive pitching movement is

used at all points in the loop to draw the circle,

so that the aeroplane canopy is pointing

inwards. Both the inside and outside loop are

sometimes casually referred to as a 'loop the

loop'.

Outside loop

A vertical circle entered from straight and erect

level flight, canopy pointing out of the loop.

Loop can be above or below the straight and

level entry altitude, from erect or inverted

attitude. (Draws extreme negative G)

English bunt

Half an outside loop starting from upright,

straight and erect level flight. (The pilot pushes

the stick forward and draws a half circle in the

sky from the top down.)

Spin

Erect spin;

Inverted spin; Flat

spin

A family of auto-rotational maneuvers,

consisting of normal or "flat" spins, either

upright or inverted. Two components must

exist to spin an aircraft: 1) critical angle of

attack (COA), which means that the aircraft is

stalled, and 2) yaw.

Tailslide
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Tailslide, the Bell

1/4 looping up, straight vertical (full power)

until the aircraft loses momentum. The aircraft

falls backwards, tail first, until the nose drops

through the horizon to a vertical down position.

1/4 loop (push or pull) to recovers to level

flight.

Snap Roll; Flick roll; Flick

Snap Roll; Flick

roll; Flick

A family of rapid autorotational or "horizontal

spins," not unlike spins. Rotation is induced by

a rapid pitch input followed by rapid yaw input,

thus stalling one wing further than the other.

This imbalance in lift causes the high speed

roll.

[Table 1: Basic Aerobatic Figures]

 Dive; extreme nose down attitude (not necessarily vertical), resulting increase in airspeed, and

descent rate.

 Lazy eight; 1/4 looping up, wingover (left or right), 1/2 looping down+up, wingover (right or

left), 1/4 looping down

 Lomcevak; family of autorotational, tumbling figures. In all varierties, the aircraft appears to

tumble out of control. For example, one style involves the aircraft tumbling(simultaneously) nose

over tail and wingtip over wingtip in a negative-g, gyroscopic condition. Introduced by Czechs

such as Ladislav Bezak, and others.

 Pugachev's Cobra; the nose of the aircraft is pulled up suddenly. The aircraft pitches up to 90-

120 angle of attack. The nose then falls back to the horizontal, and the aircraft accelerates away

in the original direction

 Roll; 360 revolution about the longitudinal axis
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 Barrel roll; a combination of a loop and a roll. The flight path during a barrel roll has the shape

of a horizontal corkscrew and follows a helical path.

 The Scissors; flying in a vertical zigzagging pattern.

 Standing eight; inside loop, 1/2 roll (inverts the aircraft), inside loop (towards the ground) 1/2

roll on top of the loop

 Wingover; left or right 180 tight turn (yaw) at the top of a 1/4 looping (up)

 Zoom; extreme nose up attitude (not necessarily vertical), resulting in airspeed loss (not in a jet),

and increased rate of climb

Topic Objective:

At the end of this topic the student would be able to:

 Define Flight Dynamics

 Learn about the Axes of Rotation

 Learn about the Main control surfaces

 Learn about the Secondary effects of controls

 Learn about the Alternate main control surfaces

 Learn about the Secondary control surfaces

 Learn about the Other controls

Definition/Overview:

Aircraft Flight Control: Aircraft flight control surfaces allow a pilot to adjust and control the

aircraft's flight attitude. Development of an effective set of flight controls was a critical advance

in the development of the aircraft. Early efforts at fixed-wing aircraft design succeeded in

generating sufficient lift to get the aircraft off the ground, but once aloft, the aircraft proved
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uncontrollable, often with disastrous results. The development of effective flight controls is what

allowed stable flight.

Key Points:

1. Overview of Flight Dynamics

Flight dynamics is the science of air and space vehicle orientation and control in three

dimensions. The three critical flight dynamics parameters are the angles of rotation in three

dimensions about the vehicle's center of mass, known as pitch, roll and yaw. Aerospace

engineers develop control systems for a vehicle's orientation (attitude) about its center of mass.

The control systems include actuators, which exert forces in various directions, and generate

rotational forces or moments about the aerodynamic center of the aircraft, and thus rotate the

aircraft in pitch, roll, or yaw. For example, a pitching moment is a vertical force applied at a

distance forward or aft from the aerodynamic center of the aircraft, causing the aircraft to pitch

up or down.

Roll, pitch and yaw refer to rotations about the respective axes starting from a defined

equilibrium state. The equilibrium roll angle is known as wings level or zero bank angle,

equivalent to a level heeling angle on a ship. Yaw is known as 'heading'. The equilibrium pitch

angle in submarine and airship parlance is known as 'trim', but in aircraft, this usually refers to

angle of attack, rather than orientation. However, common usage ignores this distinction between

equilibrium and dynamic cases. The most common aeronautical convention defines the roll as

acting about the longitudinal axis, positive with the starboard(right) wing down. The yaw is

about the vertical body axis, positive with the nose to starboard. Pitch is about an axis

perpendicular to the longitudinal plane of symmetry, positive nose up.

A fixed-wing aircraft increases or decreases the lift generated by the wings when it pitches nose

up or down by increasing or decreasing the angle of attack (AOA). The roll angle is also known

as bank angle on a fixed wing aircraft, which "banks" to change the horizontal direction of flight.

An aircraft is usually streamlined from nose to tail to reduce drag making it typically
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advantageous to keep the yaw angle near zero, though there are instances when an aircraft may

be deliberately "yawed" for example a slip in a fixed wing aircraft.

2. Axes of Rotation

An aircraft is free to rotate around three axes which are perpendicular to each other and intersect

at the plane's center of gravity (CG). To control position and direction a pilot must be able to

control rotation about each of them.

2.1. Vertical axis

The vertical axis passes through the plane from top to bottom. Rotation about this axis is

called yaw. Yaw changes the direction the aircraft's nose is pointing, left or right. The

primary control of yaw is with the rudder. Ailerons also have a secondary effect on yaw.

2.2. Longitudinal axis

The longitudinal axis passes through the plane from nose to tail. Rotation about this axis

is called bank or roll. Bank changes the orientation of the aircraft's wings with respect to

the downward force of gravity. The pilot changes bank angle by increasing the lift on one

wing and decreasing it on the other. This differential lift causes bank rotation around the

longitudinal axis. The ailerons are the primary control of bank. The rudder also has a

secondary effect on bank.

2.3. Lateral axis

The lateral axis passes through the plane from wingtip to wingtip. Rotation about this

axis is called pitch. Pitch changes the vertical direction the aircraft's nose is pointing. The

elevators are the primary control of pitch. It is important to note that these axes move

with the aircraft, and change relative to the earth as the aircraft moves. For example, for
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an aircraft whose left wing is pointing straight down, its "vertical" axis is parallel with the

ground, while its "lateral" axis is perpendicular to the ground.

3. Main control surfaces

The main control surfaces of a fixed-wing aircraft are attached to the airframe on hinges or

tracks so they may move and thus deflect the air stream passing over them. This redirection of

the air stream generates an unbalanced force to rotate the plane about the associated axis.

3.1. Ailerons

Ailerons are mounted on the trailing edge of each wing near the wingtips, and move in

opposite directions. When the pilot moves the stick left, or turns the wheel counter-

clockwise, the left aileron goes up and the right aileron goes down. A raised aileron

reduces lift on that wing and a lowered one increases lift, so moving the stick left causes

the left wing to drop and the right wing to rise. This causes the plane to bank left and

begin to turn to the left. Centering the stick returns the ailerons to neutral maintaining the

bank angle. The plane will continue to turn until opposite aileron motion returns the bank

angle to zero to fly straight.

3.2. Elevator

An elevator is mounted on the back edge of the horizontal stabilizer on each side of the

fin in the tail. They move up and down together. When the pilot pulls the stick backward,

the elevators go up. Pushing the stick forward causes the elevators to go down. Raised

elevators push down on the tail and cause the nose to pitch up. This makes the wings fly

at a higher angle of attack which generates more lift and more drag. Centering the stick

returns the elevators to neutral and stops the change of pitch. Many aircraft use a

stabilator a moveable horizontal stabilizer in place of an elevator. Some aircraft, such as

an MD-80, use a control tab within the elevator surface to aerodynamically backdrive the
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main surface into position. The direction of travel of the control tab will thus be in a

direction opposite to the main control surface. It is for this reason that an MD-80 tail

looks like it has a 'split' elevator system.

3.3. Rudder

The rudder is typically mounted on the back edge of the fin in the empennage. When the

pilot pushes the left pedal, the rudder deflects left. Pushing the right pedal causes the

rudder to deflect right. Deflecting the rudder right pushes the tail left and causes the nose

to yaw right. Centering the rudder pedals returns the rudder to neutral and stops the yaw.

4. Secondary effects of controls

4.1. Ailerons

The ailerons primarily control roll. Whenever lift is increased, induced drag is also

increased. When the stick is moved left to bank the aircraft to the left, the right aileron is

lowered which increases lift on the right wing and therefore increases induced drag on the

right wing. Using ailerons causes adverse yaw, meaning the nose of the aircraft yaws in a

direction opposite to the aileron application. When moving the stick to the left to bank the

wings, adverse yaw moves the nose of the aircraft to the right. Adverse yaw is more

pronounced for light aircraft with long wings, such as gliders. It is counteracted by the

pilot with the rudder. Differential ailerons are ailerons which have been rigged such that

the downgoing aileron deflects less than the upward-moving one, reducing adverse yaw.

4.2. Rudder

Using the rudder causes one wing to move forward faster than the other. Increased speed

means increased lift, and hence rudder use causes a roll effect. Also, since rudders

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

49
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



generally extend above the aircraft's center of gravity, a torque is imparted to the aircraft

resulting in an adverse bank. Pushing the rudder to the right not only pulls the tail to the

left and the nose to the right, but it also "spins" the aircraft as if a left turn were going to

be made. Out of all the control inputs, rudder input creates the greatest amount of adverse

effect. For this reason ailerons and rudder are generally used together on light aircraft.

When turning to the left, the control column is moved left, and adequate left rudder is

applied. If too much left rudder is applied the aircraft could enter a skid and then enter a

spin.

4.3. Turning the aircraft

Unlike a boat, turning an aircraft is not normally carried out with the rudder. With

aircraft, the turn is caused by the horizontal component of lift. The lifting force,

perpendicular to the wings of the aircraft, is tilted in the direction of the intended turn by

rolling the aircraft into the turn. As the bank angle is increased the lifting force, which

was previously acting only in the vertical, is split into two components: One acting

vertically and one acting horizontally. If the total lift is kept constant, the vertical

component of lift will decrease. As the weight of the aircraft is unchanged, this would

result in the aircraft descending if not countered. To maintain level flight requires

increased positive (up) elevator to increase the angle of attack, increase the total lift

generated and keep the vertical component of lift equal with the weight of the aircraft.

This cannot continue indefinitely. The wings can only generate a finite amount of lift at a

given air speed. As the load factor (commonly called G loading) is increased an

accelerated aerodynamic stall will occur, even though the airplane is above its 1G stall

speed. The total lift (load factor) required to maintain level flight is directly related to the

bank angle. This means that for a given airspeed, level flight can only be maintained up

to a certain given angle of bank. Beyond this angle of bank, the aircraft will suffer an

accelerated stall if the pilot attempts to generate enough lift to maintain level flight.
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5. Alternate main control surfaces

Some aircraft configurations have non-standard primary controls. For example instead of

elevators at the back of the stabilizers, the entire tailplane may change angle. Some aircraft have

a tail in the shape of a V, and the moving parts at the back of those combine the functions of

elevators and rudder. Delta wing aircraft may have "elevons" at the back of the wing, which

combine the functions of elevators and ailerons.

6. Secondary control surfaces

6.1. Trim

Trimming controls allow a pilot to balance the lift and drag being produced by the wings

and control surfaces over a wide range of load and airspeed. This reduces the effort

required to adjust or maintain a desired flight attitude.

6.2. Elevator trim

Elevator trim balances the control force necessary to maintain the aerodynamic down

force on the tail. Whilst carrying out certain flight exercises, a lot of trim could be

required to maintain the desired angle of attack. This mainly applies to slow flight, where

maintaining a nose-up attitude requires a lot of trim. Elevator trim is correlated with the

speed of the airflow over the tail, thus airspeed changes to the aircraft require re-

trimming. An important design parameter for aircraft is the stability of the aircraft when

trimmed for level flight. Any disturbances such as gusts or turbulence will be damped

over a short period of time and the aircraft will return to its level flight trimmed airspeed.
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6.3. Trimming tail plane

Except for very light aircraft, trim tabs on elevators are unable to provide the force and

range of motion desired. To provide the appropriate trim force the entire horizontal tail

plane is made adjustable in pitch. This allows the pilot to select exactly the right amount

of positive or negative lift from the tail plane while reducing drag from the elevators.

6.3.1. Control horn

A control horn is a section of control surface which projects ahead of the pivot

point. It generates a force which tends to increase the surface's deflection thus

reducing the control pressure experienced by the pilot. Control horns may also

incorporate a counterweight which helps to balance the control and prevent it

from "fluttering" in the airstream. Some designs feature separate anti-flutter

weights.

6.3.2. Spring trim

In the simplest cases trimming is done by a mechanical spring (or bungee) which

adds appropriate force to augment the pilot's control input. The spring is usually

connected to an elevator trim lever to allow the pilot to set the spring force

applied.

6.3.3. Rudder and aileron trim

Trim doesn't only apply to the elevator, as there is also trim for the rudder and

ailerons. The use of this is to counter the effects of slip stream, or to counter the

effects of the centre of gravity being to one side. This can be caused by a larger

weight on one side of the aircraft compared to the other, such as when one fuel
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tank has a lot more fuel in it than the other, or when there are heavier people on

one side of the aircraft than the other.

7. Other controls

7.1. Spoilers

On low drag aircraft like sailplanes, spoilers are used to disrupt airflow over the wing and

greatly increase the amount of drag. This allows a glider pilot to lose altitude without

gaining excessive airspeed. Spoilers are sometimes called "lift dumpers". Spoilers that

can be used asymmetrically are called spoilerons and are able to affect an aircraft's roll.

7.2. Flaps

Flaps are mounted on the trailing edge of each wing on the inboard section of each wing

(near the wing roots). They are deflected down to increase the effective curvature of the

wing. Flaps raise the Maximum Lift Coefficient of the aircraft and therefore reduce its

stalling speed. They are used during low speed, high angle of attack flight including take-

off and descent for landing. Some aircraft are equipped with "flapperons", which are

more commonly called "inboard ailerons". These devices function primarily as ailerons,

but on some aircraft, will "droop" when the flaps are deployed, thus acting as both a flap

and a roll-control inboard aileron.

7.3. Slats

Slats, also known as Leading Edge Devices, are extensions to the front of a wing for lift

augmentation, and are intended to reduce the stalling speed by altering the airflow over

the wing. Slats may be fixed or retractable - fixed slats (e.g. as on the Fieseler Fi 156

Storch) give excellent slow speed and STOL capabilities, but compromise higher speed
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performance. Retractable slats, as seen on most airliners, provide reduced stalling speed

for take-off and landing, but are retracted for cruising.

7.4. Air brakes

Air brakes, also called spoilers, are used on high speed aircraft to increase drag. On a

typical airliner, for example, the spoilers are a series of panels on the upper surface of the

wing which deploy upwards to disrupt airflow over the wing, thus adding drag. The

number of panels that deploy, as well as the degree to which they deploy, depends on the

regime of flight in which they are used. For example, if a pilot must descend quickly

without increasing speed, he may select a speed brake setting for the desired effect. In

such a case, only certain spoiler panels will deploy to create the most efficient reduction

in speed without overstressing the wing. On most airliners, spoiler panels on the wings

mix with aileron inputs to enhance roll control. For example, a left bank will engage the

ailerons as well as deploy certain spoiler panels on the down-going wing. Ground spoilers

are essentially similar to flight spoilers, except that they deploy upon touchdown on the

runway, and include all spoiler panels for maximum "lift dump". After touchdown, the

ground spoilers deploy, and "dump" the lift generated by the wings, thus placing the

aircraft's weight on the wheels, which accomplish the vast majority of braking after

touchdown. Most jet airliners also have a thrust reverser, which simply deflects exhaust

from the engines forward, helping to slow the aircraft down.

In Section 4 of this course you will cover these topics:

A Trial Flight

Flight At Transonic Speeds
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Topic Objective:

At the end of this topic the student would be able to:

 Define Flight test

 Learn about the Test Flight Processes

Definition/Overview:

Flight test: Flight test is a branch of aeronautical engineering that develops and gathers data

during flight of an aircraft and then analyses the data to evaluate the flight characteristics of the

aircraft and validate its design, including safety aspects. The flight test phase accomplishes two

major tasks: 1) finding and fixing any aircraft design problems and then 2) verifying and

documenting the aircraft capabilities for government certification or customer acceptance. The

flight test phase can range from the test of a single new system for an existing aircraft to the

complete development and certification of a new aircraft. Therefore the duration of a flight test

program can vary from a few weeks to several years.

Key Points:

1. Test Flight Processes

Flight Testing is highly expensive and potentially very risky. Unforeseen problems can lead to

damage to aircraft and loss of life, both of aircrew and people on the ground. For these reasons

modern flight testing is probably one of the most safety conscious professions today. Flight trials

can be divided into 3 sections, planning, execution and analysis and reporting.

1.1. Preparation

For both commercial and military aircraft, flight test preparation begins well before the

aircraft is ready to fly. Initially requirements for flight testing must be defined, from
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which the Flight Test Engineers prepare the test plan(s). These will include the aircraft

configuration, data requirements and manoeuvres to be flown or systems to be exercised.

A full certification/qualification flight test program for a new aircraft will require testing

for many aircraft systems and in-flight regimes; each is typically documented in a

separate test plan. During the actual flight testing, similar maneuvers from all test plans

are combined and the data collected on the same flights, where practical. This allows the

required data to be acquired in the minimum number of flight hours.

Once the flight test data requirements are established, the aircraft is instrumented to

record that data for analysis. Typical instrumentation parameters recorded during a flight

test are: temperatures, pressures, structural loads, vibration/accelerations, noise levels

(interior and exterior), aircraft performance parameters (airspeed, altitude, etc.), aircraft

controls positions (stick/yoke position, rudder pedal position, throttle position, etc.),

engine performance parameters, and atmospheric conditions. During selected phases of

flight test, especially during early development of a new aircraft, many parameters are

transmitted to the ground during the flight and monitored by the Flight Test Engineer and

test support engineers. This provides for safety monitoring and allows real-time analysis

of the data being acquired.

1.2. Execution

When the aircraft is completely assembled and instrumented, it typically conducts many

hours of ground testing before its first/maiden flight. This ground testing will verify basic

aircraft systems operations, measure engine performance, evaluate dynamic systems

stability, and provide a first look at structural loads. Flight controls will also be checked

out. Once all required ground tests are completed, the aircraft is ready for the first flight.

First/maiden flight is a major milestone in any aircraft development program and is

undertaken with the utmost caution.

There are several aspects to a flight test program: handling qualities, performance, aero-

elastic/flutter stability, avionics/systems capabilities, weapons delivery, and structural

loads. Handling qualities evaluates the aircraft's controllability and response to pilot
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inputs throughout the range of flight. Performance testing evaluates aircraft in relation to

its projected abilities, such as speed, range, power available, drag, airflow characteristics,

and so forth. Aero-elastic stability evaluates the dynamic response of the aircraft controls

and structure to aerodynamic (i.e. air-induced) loads. Structural tests measure the stresses

on the airframe, dynamic components, and controls to verify structural integrity in all

flight regimes.

Avionics/systems testing verifies all electronic systems (navigation, communications,

radars, sensors, etc.) perform as designed. Weapons delivery looks at the pilots ability to

acquire the target using on-board systems and accurately deliver the ordnance on target.

Weapons delivery testing also evaluates the separation of the ordnance as it leaves the

aircraft to ensure there are no safety issues. Other military unique tests are: air-to-air

refueling, radar/infrared signature measurement, and aircraft carrier operations.

Emergency situations are evaluated as a normal part of all flight test program. Examples

are: engine failure during various phases of flight (takeoff, cruise, landing), systems

failures, and controls degradation. The overall operations envelope (allowable gross

weights, centers-of-gravity, altitude, max/min airspeeds, maneuvers, etc.) is established

and verified during flight testing. Aircraft are always demonstrated to be safe beyond the

limits allowed for normal operations in the Flight Manual. Because the primary goal of a

flight test program is to gather accurate engineering data, often on a design that is not

fully proven, piloting a flight test aircraft requires a high degree of training and skill, so

such programs are typically flown by a specially trained test pilot, and the data is

gathered by a flight test engineer, and often visually displayed to the test pilot and/or

flight test engineer using flight test instrumentation.

1.3. Analysis and Reporting

It includes the analysis of a flight for certification. It analyze the internal and outer part of

the flight by checking its all minute parts. Reporting includes the analyzed data result.
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1.3.1. Flight Test Team

The make-up of the Flight Test Team will vary with the organization and

complexity of the flight test program, however, there are some key players who

are generally part of all flight test organizations. The leader of a flight test team is

usually a Flight test engineer (FTE) or possibly an experimental Test Pilot. Other

FTEs or pilots could also be involved. Other team members would be the Flight

Test Instrumentation Engineer, Instrumentation System Technicians, the aircraft

maintenance department (mechanics, electricials, avionics technicians, etc.),

Quality/Product Assurance Inspectors, the ground-based computing/data center

personnel, plus logistics and administrative support. Engineers from various other

disciplines would support the testing of their particular systems and analyze the

data acquired for their specialty area. Since many aircraft development programs

are sponsored by government military services, military or government-employed

civilian pilots and engineers are often integrated into the flight test team. The

government representatives provide program oversight and review and approve

data. Government test pilots may also participate in the actual test flights, possibly

even on the first/maiden flight.

Topic Objective:

At the end of this topic the student would be able to:

 Define Transonic

 Learn about the Critical Mach Number

 Learn about the Sound Barrier

 Learn about the Speed of Sound
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Definition/Overview:

Transonic: Transonic is an aeronautics term referring to a range of velocities just below and

above the speed of sound (about mach 0.81.2). It is defined as the range of speeds between the

critical mach number, when some parts of the airflow over an aircraft become supersonic, and a

higher speed, typically near Mach 1.2, when all of the airflow is supersonic. Between these

speeds some of the airflow is supersonic, and some is not. Most modern jet powered aircraft

spend a considerable amount of time in the transonic state. This is particularly important due to

an effect known as wave drag, which is prevalent in these speed ranges. Attempts to combat

wave drag can be seen on all high-speed aircraft; most notable is the use of swept wings, but

another common form is a wasp-waist fuselage as a side effect of the Whitcomb area rule.

Severe instability can occur at transonic speeds. Shock waves move through the air at the speed

of sound. When an object such as an aircraft also moves at the speed of sound, these shock

waves build up in front of it to form a single, very large shock wave. During transonic flight, the

plane must pass through this large shock wave, as well as contending with the instability caused

by air moving faster than sound over parts of the wing and slower in other parts. The difference

in speed is due to Bernoulli's principle. Transonic speeds can also occur at the tips of rotor blades

of helicopters and aircraft. However, as this puts severe, unequal stresses on the rotor blade, it is

avoided and may lead to dangerous accidents if it occurs. It is one of the limiting factors to the

size of rotors, and also to the forward speeds of helicopters (as this speed is added to the

forward-sweeping (leading) side of the rotor, thus possibly causing localized transonics).

Key Points:

1. Critical Mach Number

The Critical Mach number (Mcr) of an aircraft is the slowest Mach number at which the

airflow over a small region of the wing reaches the speed of sound. For all aircraft in flight, the
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airflow around the aircraft is not exactly the same as the airspeed of the aircraft due to the

airflow speeding up and slowing down to travel around the aircraft structure. At the Critical

Mach number, local airflow in some areas near the airframe reaches the speed of sound, even

though the aircraft itself has an airspeed lower than Mach 1.0. This creates a weak shock wave.

At speeds faster than the Critical Mach number:

 drag coefficient increases suddenly, causing dramatically increased drag

 in aircraft not designed for transonic or supersonic speeds, changes to the airflow over the flight

control surfaces lead to deterioration in control of the aircraft.

In aircraft not designed to fly at the Critical Mach number, shock waves in the flow over the

wing and tailplane were sufficient to stall the wing, make control surfaces ineffective or lead to

loss of control such as Mach tuck. The phenomena associated with problems at the Critical Mach

number became known as compressibility. Compressibility led to a number of accidents

involving high-speed military and experimental aircraft in the 1930s and 1940s. Although

unknown at the time, compressibility was the cause of the phenomenon known as the sound

barrier. Subsonic aircraft such as the Supermarine Spitfire, BF 109, P-51 Mustang, Gloster

Meteor, Me 262, P-80 have relatively thick, unswept wings and are incapable of reaching Mach

1.0. In 1947, Chuck Yeager flew the Bell X-1 to Mach 1.0 and beyond, and the sound barrier

was finally broken.

Early transonic military aircraft such as the Hawker Hunter and F-86 Sabre were designed to fly

satisfactorily faster than their Critical Mach number. They did not possess sufficient engine

thrust to reach Mach 1.0 in level flight but could be dived to Mach 1.0 and beyond, and remain

controllable. Modern passenger-carrying jet aircraft such as Airbus and Boeing aircraft have

Maximum Operating Mach numbers slower than Mach 1.0 but they are routinely operated faster

than their Critical Mach numbers. Supersonic aircraft, such as Concorde, the English Electric

Lightning, Lockheed F-104, Dassault Mirage III, and MiG 21 are designed to exceed Mach 1.0

in level flight. They have very thin wings. Their Critical Mach numbers are faster than those of

subsonic and transonic aircraft but less than Mach 1.0.
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The actual Critical Mach number varies from wing to wing. In general a thicker wing will have a

lower Critical Mach number, because a thicker wing accelerates the airflow to a faster speed than

a thinner one. For instance, the fairly thick wing on the P-38 Lightning led to a Critical Mach

number of about .69 Mach, a speed it could reach with some ease in dives, which led to a number

of crashes. The much thinner wing on the Supermarine Spitfire caused this aircraft to have a

Critical Mach number of about 0.89 Mach.

2. Sound Barrier

In aerodynamics, the sound barrier usually refers to the point at which an aircraft moves from

transonic to supersonic speed. The term came into use during World War II when a number of

aircraft started to encounter the effects of compressibility, a grab-bag of unrelated aerodynamic

effects. By the 1950s, aircraft started to routinely "break" the sound barrier.

3. Speed of Sound

Sound is a vibration that travels through an elastic medium as a wave. The speed of sound

describes how much distance such a wave travels in a certain amount of time. In dry air at 20 C

(68 F), the speed of sound is 343 meters per second (1,125 ft/s). This equates to 1,235 kilometers

per hour (767 mph) or about one mile in five seconds. This figure is heavily dependent on air

temperature (equations are given below), but is nearly independent of air pressure or density.

Although "the speed of sound" is commonly used to refer specifically to the speed of sound

waves in air, the speed of sound can be measured in virtually any substance. Sound travels faster

in liquids and non-porous solids than it does in air, and travels about 4.4 times faster in water

than air. Additionally, in solids, there occurs the possibility of two different types of sound

waves, one associated with compression (the same as usual sound waves in fluids) and the other

associated with shear-stresses, which cannot occur in fluids. These two types of waves have

different speeds, and (for example in an earthquake) may thus be initiated at the same time but

arrive a distant points at appreciably different times. Finally, there are certain other types of very

unusual waves of compression that occur only in very unusual media, such as the so-called

"second sound" which occurs only in superfluid liquid helium. This is the speed of an unusual

type of heat transmission.
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The transmission of sound can be illustrated by using a toy model consisting of an array of balls

interconnected by springs. For real material the balls represent molecules and the springs

represent the bonds between them. Sound passes through the model by compressing and

expanding the springs, transmitting energy to neighboring balls, which transmit energy to their

springs, and so on. The speed of sound through the model depends on the stiffness of the springs

(stiffer springs transmit energy more quickly). Effects like dispersion and reflection can also be

understood using this model. In a real material, the stiffness of the springs is called the elastic

modulus, and the mass corresponds to the density. All other things being equal, sound will travel

more slowly in denser materials, and faster in stiffer ones. For instance, sound will travel faster

in iron than uranium, and faster in hydrogen than nitrogen, due to the lower density of the first

material of each set. At the same time, sound will travel faster in iron than hydrogen, because the

internal bonds in a solid are much stronger than the gaseous bonds between hydrogen molecules.

In general, solids will have a higher speed of sound than liquids, and liquids will have a higher

speed of sound than gases.

In Section 5 of this course you will cover these topics:

Flight At Supersonic Speeds

Space Flight

Topic Objective:

At the end of this topic the student would be able to:

 Define Supersonic and Sonic Boom

 Learn about the Supersonic Flight

 Learn about the Causes of Sonic Boom

 Learn about the Characterization of Sonic Boom

 Learn about the Abatement of Sonic Boom

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

62
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



 Learn about the Perception and Noise of Sonic Boom

Definition/Overview:

Supersonic flows: The term supersonic is used to define a speed that is over the speed of sound

(Mach 1). At a typical temperature like 21 C (70 F), the threshold value required for an object to

be traveling at a supersonic speed is approximately 344 m/s, (1,129 ft/s, 761 mph or 1,238 km/h).

Speeds greater than 5 times the speed of sound are often referred to as hypersonic. Speeds where

only some parts of the air around an object (such as the ends of rotor blades) reach supersonic

speeds are labeled transonic (typically somewhere between Mach 0.8 and Mach 1.2). Sounds are

travelling vibrations (pressure waves) in an elastic medium. In gases sound travels longitudinally

at different speeds, mostly depending on the molecular mass and temperature of the gas;

(pressure has little effect). Since air temperature and composition varies significantly with

altitude, Mach numbers for aircraft can change without airspeed varying. In water at room

temperature supersonic can be considered as any speed greater than 1,440 m/s (4,724 ft/s). In

solids, sound waves can be longitudinal or transverse and have even higher velocities.

Supersonic fracture is crack motion faster than the speed of sound in a brittle material.

Sonic Boom: The term sonic boom is commonly used to refer to the shocks caused by the

supersonic flight of an aircraft. Sonic booms generate enormous amounts of sound energy,

sounding much like an explosion. Thunder is a type of natural sonic boom, created by the rapid

heating and expansion of air in a lightning discharge.

Key Points:

1. Supersonic Flight

Supersonic aerodynamics are simpler than subsonic because the airsheets at different points

along the plane often can't affect each other. Supersonic jets and rocket vehicles require several
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times greater thrust to push through the extra drag experienced within the transonic region

(around Mach 0.85-1.2). At these speeds Aerospace engineers can gently guide air around the

fuselage of the aircraft without producing new shock waves but any change in cross sectional

area further down the vehicle leads to shock waves along the body. Designers use the Supersonic

area rule and the Whitcomb area rule to minimize sudden changes in size. It should be kept in

mind, however, that the aerodynamic principles behind a supersonic aircraft are often more

complex than described above because such an aircraft must be efficient and stable at supersonic,

transonic and subsonic flight. At high speeds aerodynamic heating can occur, so an aircraft must

be designed to operate and function under very high temperatures. For example, the SR-71

Blackbird jet could fly continuously at Mach 3.1 while some parts were above 315C (600F).

One problem with sustained supersonic flight is the generation of heat in flight. Duralumin, the

traditional aircraft material, starts to lose strength and go plastic at relatively low temperatures,

and is unsuitable for continuous use at speeds above Mach 2.2 to 2.4. Materials such as titanium

and stainless steel allow operations at much higher temperatures.

Another area of concern for continued high-speed operation is the engines. Jet engines create

thrust by increasing the temperature of the air they ingest, and as the aircraft speeds up, friction

and compression heats this air before it reaches the engines. The maximum temperature of the

exhaust is determined by the materials in the turbine at the rear of the engine, so as the aircraft

speeds up the difference in intake and exhaust temperature the engine can extract decreases, and

the thrust along with it. Air cooling the turbine area to allow operations at higher temperatures

was a key solution, one that continued to improve though the 1950s and on to this day.

Intake design was also a major issue. Normal jet engines can only ingest subsonic air, so for

supersonic operation the air has to be slowed down. Ramps or cones in the intake are used to

create shock waves that slows the airflow before it reaches the engine. Doing so removes energy

from the airflow, causing drag. The key to reducing this drag is to use multiple small oblique

shock waves, but this was difficult because the angle they make inside the intake changes with

Mach number. In order to efficiently operate across a range of speeds, the shock waves have to

be "tuned." An aircraft able to operate for extended periods at supersonic speeds has a potential

range advantage over a similar design operating subsonically. Most of the drag an aircraft sees

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

64
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



while speeding up to supersonic speeds occurs just below the speed of sound, due to an

aerodynamic effect known as wave drag. An aircraft that can accelerate past this speed sees a

significant drag decrease, and can fly supersonically with improved fuel economy. However, due

to the way lift is generated supersonically, the lift-to-drag ratio of the aircraft as a whole drops,

leading to lower range, offsetting or overturning this advantage. The key to having low

supersonic drag is to properly shape the overall aircraft to be long and skinny, as close as

possible to a "perfect" shape, the von Karman ogive or Sears-Haack body. This has led to almost

every supersonic cruising aircraft looking very similar to every other, with a very long and

skinny fuselage and large delta wings, cf. SR-71, Concorde, etc. Although not ideal for

passenger aircraft, this shaping is quite adaptable for bomber use.

2. Causes

When an object passes through the air, it creates a series of pressure waves in front of it and

behind it, similar to the bow and stern waves created by a boat. These waves travel at the speed

of sound, and as the speed of the object increases, the waves are forced together, or compressed,

because they cannot "get out of the way" of each other, eventually merging into a single shock

wave at the speed of sound. This critical speed is known as Mach 1 and is approximately 1,225

kilometers per hour (761 mph) at sea level. In smooth flight, the shock wave starts at the nose of

the aircraft and ends at the tail. Because directions around the aircraft's direction of travel are

equivalent, the shock forms a Mach cone with the aircraft at its tip. The half-angle (between

direction of flight and the shock wave ) A is given by sin(A) = 1/M, where M is the plane's Mach

number. So the faster it goes, the finer, (more pointed) the cone.

There is a sudden rise in pressure at the nose, decreasing steadily to a negative pressure at the

tail, followed by a sudden return to normal pressure after the object passes. This "overpressure

profile" is known as an N-wave because of its shape. The "boom" is experienced when there is a

sudden change in pressure, so the N-wave causes two booms, one when the initial pressure rise

from the nose hits, and another when the tail passes and the pressure suddenly returns to normal.

This leads to a distinctive "double boom" from supersonic aircraft. When maneuvering, the

pressure distribution changes into different forms, with a characteristic U-wave shape. Since the

boom is being generated continually as long as the aircraft is supersonic, it fills out a narrow path
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on the ground following the aircraft's flight path, a bit like an unrolling celebrity carpet and

hence known as the boom carpet. Its width depends on the altitude of the aircraft. The distance

of the point on the ground where the boom is heard to the aircraft depends on its altitude and the

angle A.

3. Characterization

The power, or volume, of the shock wave is dependent on the quantity of air that is being

accelerated, and thus the size and shape of the aircraft. As the aircraft increases speed the shocks

grow "tighter" around the craft and do not become much "louder". At very high speeds and

altitudes the Mach cone does not intersect the ground and no boom is heard. The "length" of the

boom from front to back is dependent on the length of the aircraft to a factor of 3:2. Longer

aircraft therefore "spread out" their booms more than smaller ones, which leads to a less

powerful boom which has a less "spread out" boom. Several smaller shock waves can, and

usually do, form at other points on the aircraft, primarily any convex points or curves, the

leading wing edge and especially the inlet to engines. These secondary shockwaves are caused

by the air being forced to turn around these convex points, which generates a shock wave in

supersonic flow. The later shock waves are somehow faster than the first one, travel faster and

add to the main shockwave at some distance away from the aircraft to create a much more

defined N-wave shape. This maximizes both the magnitude and the "rise time" of the shock

which makes the boom seem louder. On most designs the characteristic distance is about 40,000

feet (12,000 m), meaning that below this altitude the sonic boom will be "softer". However, the

drag at this altitude or below makes supersonic travel particularly inefficient, which poses a

serious problem.

4. Abatement

In the late 1950s when supersonic transport (SST) designs were being actively pursued, it was

thought that although the boom would be very large, the problems could be avoided by flying

higher. This premise was proven false when the North American B-70 Valkyrie started flying,

and it was found that the boom was a problem even at 70,000 feet (21,000m). It was during these

tests that the N-wave was first characterized. Richard Seebass and his colleague Albert George at

Cornell University studied the problem extensively and eventually defined a "figure of merit"
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(FM) to characterize the sonic boom levels of different aircraft. FM is a function of the aircraft

weight and the aircraft length. The lower this value, the less boom the aircraft generates, with

figures of about 1 or lower being considered acceptable. Using this calculation, they found FM's

of about 1.4 for Concorde and 1.9 for the Boeing 2707.

This eventually doomed most SST projects as public resentment mixed with politics eventually

resulted in laws that made any such aircraft impractical (flying only over water for instance).

Another way to express this is wing span. The fuselage of even large supersonic aeroplanes is

very sleek and with enough angle of attack and wing span the plane can fly so high that the boom

by the fuselage is not important. The larger the wing span, the greater the downwards impulse

which can be applied to the air, the greater the boom felt. A smaller wing span favors small

aeroplane designs like business jets. Seebass and George also worked on the problem from

another angle, trying to spread out the N-wave laterally and temporally (longitudinally), by

producing a strong and downwards-focused shock at a sharp, but wide angle nosecone, which

will travel at slightly supersonic speed (bow shock), and using a swept back flying wing or an

oblique flying wing to smooth out this shock along the direction of flight (the tail of the shock

travels at sonic speed). To adapt this principle to existing planes, which generate a shock at their

nose-cone and an even stronger one at their wing leading edge, the fuselage below the wing is

shaped according to the area rule. Ideally this would raise the characteristic altitude from 40,000

feet to 60,000 feet (from 12,000 m to 18,000 m), which is where most SST aircraft fly.

This remained untested for decades, until DARPA started the Quiet Supersonic Platform project

and funded the Shaped Sonic Boom Demonstration (SSBD) aircraft to test it. SSBD used an F-5

Freedom Fighter. The F-5E was modified with a highly refined shape which lengthened the nose

to that of the F-5F model. The fairing extended from the nose all the way back to the inlets on

the underside of the aircraft. The SSBD was tested over a two year period culminating in 21

flights and was an extensive study on sonic boom characteristics. After measuring the 1,300

recordings, some taken inside the shock wave by a chase plane, the SSBD demonstrated a

reduction in boom by about one-third. Although one-third is not a huge reduction, it could have

reduced Concorde below the FM = 1 limit for instance.
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As a follow-on to SSBD, in 2006 a NASA-Gulfstream Aerospace team tested the Quiet Spike on

NASA-Dryden's F-15B aircraft 836. The Quiet Spike is a telescoping boom fitted to the nose of

an aircraft specifically designed to weaken the strength of the shock waves forming on the nose

of the aircraft at supersonic speeds. Over 50 test flights were performed. Several flights included

probing of the shockwaves by a second F-15B, NASA's Intelligent Flight Control System

testbed, aircraft 837. There are theoretical designs that do not appear to create sonic booms at all,

such as the Busemann's Biplane.

5. Perception and Noise

The sound of a sonic boom depends largely on the distance between the observer and the aircraft

shape producing the sonic boom. A sonic boom is usually heard as a deep double "boom" as the

aircraft is usually some distance away. However, as those who have witnessed landings of space

shuttles have heard, when the aircraft is nearby the sonic boom is a sharper "bang" or "crack".

The sound is much like the "aerial bombs" used at firework displays. In 1964, NASA and the

Federal Aviation Administration began the Oklahoma City sonic boom tests, which caused eight

sonic booms per day over a period of six months. Valuable data was gathered from the

experiment, but 15,000 complaints were generated and ultimately entangled the government in a

class action lawsuit, which it lost on appeal in 1969.

There has been recent work in this area, notably under DARPA's Quiet Supersonic Platform

studies. Research by acoustics experts under this program began looking more closely at the

composition of sonic booms, including the frequency content. Several characteristics of the

traditional sonic boom "N" wave can influence how loud and irritating it can be perceived by

listeners on the ground. Even strong N-waves such as those generated by Concorde or military

aircraft can be far less objectionable if the rise time of the overpressure is sufficiently long. A

new metric has emerged, known as perceived loudness, measured in PLdB. This takes into

account the frequency content, rise time, etc. A well known example is the snapping of your

fingers in which the "perceived" sound is nothing more than an annoyance. The composition of

the atmosphere is also a factor. Temperature variations, humidity, pollution, and winds can all

have an effect on how a sonic boom is perceived on the ground. Even the ground itself can

influence the sound of a sonic boom. Hard surfaces such as concrete, pavement, and large
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buildings can cause reflections which may amplify the sound of a sonic boom. Similarly grassy

fields and lots of foliage can help attenuate the strength of the overpressure of a sonic boom.

Currently there are no industry accepted standards for the acceptability of a sonic boom. Until

such metrics can be established, either through further study or supersonic overflight testing, it is

doubtful that legislation will be enacted to remove the current prohibition on supersonic

overflight in place in several countries, including the United States.

Topic Objective:

At the end of this topic the student would be able to:

 Define Spaceflight

 Learn about the Earth-launched Spaceflight

 Learn about the Human Spaceflight

Definition/Overview:

Spaceflight: Spaceflight is the use of space technology to achieve the flight of spacecraft into

and through outer space. Spaceflight is used in space exploration, and also in commercial

activities like space tourism and satellite telecommunications. Additional non-commercial uses

of spaceflight include space observatories, reconnaissance satellites and other earth observation

satellites. A spaceflight typically begins with a rocket launch, which provides the initial thrust to

overcome the force of gravity and propels the spacecraft from the surface of the Earth. Once in

space, the motion of a spacecraft -- both when unpropelled and when under propulsion -- is

covered by the area of study called astrodynamics. Some spacecraft remain in space indefinitely,

some disintegrate during atmospheric reentry, and others reach a planetary or lunar surface for

landing or impact.
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Key Points:

1. Earth-launched Spaceflight

1.1. Reaching space

The most commonly used definition of outer space is everything beyond the Krmn line,

which is 100 kilometers (62 mi) above the Earth's surface. (The United States sometimes

defines outer space as everything beyond 50 miles (80 km) in altitude.) In order for a

projectile to reach outer space from the surface, it needs a minimum delta-v. This velocity

is much lower than escape velocity. It is possible, indeed routine, for a spacecraft to leave

a celestial body without reaching the surface escape velocity of a body by propelling

itself after take-off. However, it is more fuel-efficient for a craft to burn its fuel as close

to the ground as possible, keeping escape velocity a consideration.

1.2. Sub-orbital spaceflight

On a sub-orbital spaceflight the spacecraft reaches space, but does not achieve orbit.

Instead, its trajectory brings it back to the surface of the Earth. Suborbital flights can last

many hours. Pioneer 1 was NASA's first space probe intended to reach the Moon. A

partial failure caused it to instead follow a suborbital trajectory to an altitude of

113,854 kilometers (70,746 mi) before reentering the Earth's atmosphere 43 hours after

launch. On May 17, 2004, Civilian Space eXploration Team launched the GoFast Rocket

on a suborbital flight, the first amateur spaceflight. On June 21, 2004, SpaceShipOne was

used for the first privately-funded human spaceflight.

1.3. Orbital spaceflight

A minimal orbital spaceflight requires much higher velocities than a minimal sub-orbital

flight, and so it is technologically much more challenging to achieve. To achieve orbital

spaceflight, the tangential velocity around the Earth is as important as altitude. In order to
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perform a stable and lasting flight in space, the spacecraft must reach the minimal orbital

speed required for a closed orbit.

1.3.1. Leaving orbit

Achieving a closed orbit is not essential to interplanetary voyages, for which

spacecraft need to reach escape velocity. Early Russian space vehicles

successfully achieved very high altitudes without going into orbit. In its early

Apollo mission planning NASA considered using a direct ascent to the moon, but

abandoned that idea later due to weight considerations. Many robotic space

probes to the outer planets use direct ascent -- they do not orbit the earth before

departing. It is possible, indeed routine, for a spacecraft to leave a celestial body

without reaching the surface escape velocity of a body by propelling itself after

take-off. However, it is more fuel-efficient for a craft to burn its fuel as close to

the ground as possible, keeping escape velocity a consideration. Plans for future

crewed interplantary spaceflight missions often include final vehicle assembly in

Earth orbit, such as NASA's Project Orion and Russia's Kliper/Parom tandem.

1.3.2. Other ways of reaching space

Many ways other than rockets to reach space have been proposed. Ideas such as

the Space Elevator, while elegant are currently infeasible; whereas

electromagnetic launchers such as launch loops have no known show stoppers.

Other ideas include rocket assisted jet planes such as Reaction Engines Skylon or

the trickier scramjets. Gun launch has been proposed for cargo, but this would

incinerate the cargo due to air friction.

1.4. Launch pads and spaceports, takeoff

A launch pad is a fixed structure designed to dispatch airborne vehicles. It generally

consists of a launch tower and flame trench. It is surrounded by equipment used to erect,
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fuel, and maintain launch vehicles. A spaceport, by way of contrast, is designed to

facilitate winged launch vehicles and uses a long runway. Both spaceport and launch pads

are situated well away from human habitation for noise and safety reasons. A launch is

often restricted to certain launch windows. These windows depend upon the position of

celestial bodies and orbits relative to the launch site. The biggest influence is often the

rotation of the Earth itself. Once launched, orbits are normally located within relatively

constant flat planes at a fixed angle to the axis of the Earth, and the Earth rotates within

this orbit.

1.5. Reentry and landing/splashdown

1.5.1. Reentry

Vehicles in orbit have large amounts of kinetic energy. This energy must be

discarded if the vehicle is to land safely without vaporizing in the atmosphere.

Typically this process requires special methods to protect against aerodynamic

heating. The theory behind reentry is due to Harry Julian Allen. Based on this

theory, reentry vehicles present blunt shapes to the atmosphere for reentry. Blunt

shapes mean that less than 1% of the kinetic energy ends up as heat that reaches

the vehicle and the heat energy instead ends up in the atmosphere.

1.5.2. Landing

The Mercury, Gemini, and Apollo capsules all landed in the sea. These capsules

were designed to land at relatively slow speeds. Russian capsules for Soyuz make

use of braking rockets as were designed to touch down on land. The Space Shuttle

glides into a touchdown at high speed.
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1.5.3. Recovery

After a successful landing the spacecraft, its occupants and cargo can be

recovered. In some cases, recovery has occurred before landing: while a

spacecraft is still descending on its parachute, it can be snagged by a specially

designed aircraft. This mid-air retrieval technique was used to recover the film

canisters from the Corona spy satellites.

1.5.3.1. Expendable launch systems

All current spaceflight except NASA's Space Shuttle and the SpaceX

Falcon 1 use multi-stage expendable launch systems to reach space.

1.5.3.2. Reusable launch systems

The first reusable spacecraft, the X-15, was air-launched on a suborbital

trajectory on July 19, 1963. The first partially reusable orbital spacecraft,

the Space Shuttle, was launched by the USA on the 20th anniversary of

Yuri Gagarin's flight, on April 12, 1981. During the Shuttle era, six

orbiters were built, all of which have flown in the atmosphere and five of

which have flown in space. The Enterprise was used only for approach

and landing tests, launching from the back of a Boeing 747 and gliding to

deadstick landings at Edwards AFB, California. The first Space Shuttle to

fly into space was the Columbia, followed by the Challenger, Discovery,

Atlantis, and Endeavour. The Endeavour was built to replace the

Challenger when it was lost in January 1986. The Columbia broke up

during reentry in February 2003. The first (and so far only) automatic

partially reusable spacecraft was the Buran (Snowstorm), launched by the

USSR on November 15, 1988, although it made only one flight. This

spaceplane was designed for a crew and strongly resembled the U. S.

Space Shuttle, although its drop-off boosters used liquid propellants and

its main engines were located at the base of what would be the external
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tank in the American Shuttle. Lack of funding, complicated by the

dissolution of the USSR, prevented any further flights of Buran.

Per the Vision for Space Exploration, the Space Shuttle is due to be retired

in 2010 due mainly to its old age and high cost of the program reaching

over a billion dollars per flight. The Shuttle's human transport role is to be

replaced by the partially reusable Crew Exploration Vehicle (CEV) no

later than 2014. The Shuttle's heavy cargo transport role is to be replaced

by expendable rockets such as the Evolved Expendable Launch Vehicle

(EELV) or a Shuttle Derived Launch Vehicle. Scaled Composites

SpaceShipOne was a reusable suborbital spaceplane that carried pilots

Mike Melvill and Brian Binnie on consecutive flights in 2004 to win the

Ansari X Prize. The Spaceship Company will build its successor

SpaceShipTwo. A fleet of SpaceShipTwos operated by Virgin Galactic

should begin reusable private spaceflight carrying paying passengers in

2008 .

1.6. Space disasters

All launch vehicles contain a huge amount of energy that is needed for some part of it to

reach orbit. There is therefore some risk that this energy can be released prematurely and

suddenly, with significant effects. When a Delta II rocket exploded 13 seconds after

launch on January 17, 1997, there were reports of store windows 10 miles (16 km) away

being broken by the blast. In addition, once in space, while space is a fairly predictable

environment, there are risks of accidental depressurisation, and the potential for failure of

equipment that is often very newly developed. In 2004 the International Association for

the Advancement of Space Safety was established in the Netherlands to furthering

international cooperation and scientific advancement in space systems safety.
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1.7. Space weather

Space weather is the concept of changing environmental conditions in outer space. It is

distinct from the concept of weather within a planetary atmosphere, and deals with

phenomena involving ambient plasma, magnetic fields, radiation and other matter in

space (generally close to Earth but also in interplanetary, and occasionally interstellar

space). "Space weather describes the conditions in space that affect Earth and its

technological systems. Our space weather is a consequence of the behavior of the sun, the

nature of Earth's magnetic field, and our location in the solar system. Space weather

exerts a profound influence in several areas related to space exploration and

development. Changing geomagnetic conditions can induce changes in atmospheric

density causing the rapid degradation of spacecraft altitude in Low Earth orbit.

Geomagnetic storms due to increased solar activity can potentially blind sensors aboard

spacecraft, or interfere with on-board electronics. An understanding of space

environmental conditions is also important in designing shielding and life support

systems for manned spacecraft.

1.8. Environmental considerations

Rockets as a class are not inherently grossly polluting. However, some rockets use toxic

propellants, and most vehicles use propellants that are not carbon neutral. Many solid

rockets have chlorine in the form of perchlorate or other chemicals, and this can cause

temporary local holes in the ozone layer. Re-entering spacecraft generate nitrates which

also can temporarily impact the ozone layer. Most rockets are made of metals that can

have an environmental impact during their construction. In addition to the atmospheric

effects there are effects on the near-Earth space environment. There is the possibility that

orbit could become inaccessible for generations due to exponentially increasing space

debris caused by spalling of satellites and vehicles (Kessler syndrome). Many launched

vehicles today are therefore designed to be re-entered after use.
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2. Human Spaceflight

The first human spaceflight was Vostok 1 on April 12, 1961, on which cosmonaut Yuri Gagarin

of the USSR made one orbit around the Earth. In official Soviet documents, there is no mention

of the fact that Gagarin parachuted the final seven miles. The international rules for aviation

records stated that "The pilot remains in his craft from launch to landing". This rule, if applied,

would have "disqualified" Gagarins space-flight. Currently the only spacecraft regularly used for

human spaceflight are Russian Soyuz spacecraft and the U.S. Space Shuttle fleet. Each of those

space programs have used other spacecraft in the past. Recently, the Shenzhou spacecraft has

been used twice for human spaceflight, as has SpaceshipOne.

2.1. Weightlessness

In a microgravity environment such as that provided by a spacecraft in orbit around the

Earth, humans experience a sense of "weightlessness." Short-term exposure to

microgravity causes space adaptation syndrome, a self-limiting nausea caused by

derangement of the vestibular system. Long-term exposure causes multiple health issues.

The most significant is bone loss, some of which is permanent, but microgravity also

leads to significant deconditioning of muscular and cardiovascular tissues.

2.2. Radiation

Once above the atmosphere, radiation due to the Van Allen belts, solar radiation and

cosmic radiation issues occur and increase. Further away from the Earth, solar flares can

give a fatal radiation dose in minutes, and cosmic radiation would significantly increase

the chances of cancer over a decade exposure or more.

2.3. Life support

In human spaceflight, the life support system is a group of devices that allow a human

being to survive in outer space. NASA often uses the phrase Environmental Control

and Life Support System or the acronym ECLSS when describing these systems for its
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human spaceflight missions. The life support system may supply: air, water and food. It

must also maintain the correct body temperature, an acceptable pressure on the body and

deal with the body's waste products. Shielding against harmful external influences such

as radiation and micro-meteorites may also be necessary. Components of the life support

system are life-critical, and are designed and constructed using safety engineering

techniques.
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