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Although we may have unravelled many of the mysteries that have prevented us from taking to the skies for so long, that does not mean there is nothing left to learn. We will for ever face new obstacles in the pursuit of mastering the art of flight. Whether that be in increasing range, speed, manoeuvrability, altitude or efficiency – these are challenges that are certainly worth pursuing. Our endeavours to build ever-more sophisticated flying machines have led to the creation of more advanced materials and computer technology, as well as an understanding of aerodynamics that can be applied to a whole whost of other industries. Where our future journeys will lead us, and what marvels we will unfold, time will tell.




By Zack Scott and available from Headline
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INTRODUCTION


Aviation today is a multi-billion pound industry, led by giant airline corporations, governments and defence contractors. Aircraft have reached every part of the globe, from sea level to high in the atmosphere, across the poles, oceans and deserts. Thousands of them are airborne as you read this, and every second that passes, another three land or takeoff. Yet, despite the prevalence of aeroplanes, and their ties to the faceless world of international business, aviation still manages to capture a sense of magic.


It’s easy to understand the wonder that people felt on first seeing an aeroplane in the early 1900s when aviation was in its infancy. What a spectacle it must have been! Truly a breakthrough for the human race; flying like a bird would have seemed an impossibility just years before, but the flying machines of early aviators made it a reality. To see a person ascend into the sky with mechanized wings and be able to control themselves as they went must have seemed quite unreal. Maybe there’s still a sense of the ‘unreal’ about aircraft; maybe that’s where the magic still comes from. After all, 200 tonnes of metal, common sense suggests, should drop to the ground with quite an impact, yet jetliners that weigh this much cruise among the clouds on a daily basis. How do they stay up there? How did they get up there? And how do they safely make it back down to earth, to repeat the process all over again? This book aims to explain some of the magic.
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Early pioneers of aviation pushed the boundaries of human achievement with both their mind and body. These visionaries routinely put their lives on the line to test their experimental aircraft. With every attempt, they gained a greater understanding of the mechanics of flight, risking injury or death in the process. Had it not been for these bold innovators, the skies would have remained firmly out of our reach.


To gain an insight into what the human race had achieved with regards to flight prior to the invention of the aeroplane, we’ll begin by taking a look at early gliders. The experiences and information gained by these trail-blazing flight enthusiasts would go on to inspire others, and influence the design of powered aircraft once suitable engines became available.


This opening section also contains some theory that explains the fundamentals of flight and how wings generate lift, stemming from research by physicists as far back as the 18th century. It is through understanding these principles, and the ability to put them into practice, that early aviators learned to conquer the sky. Before long, the almost unrecognizable experimental aircraft from the first few years of powered flight were replaced by more sophisticated, and now familiar-looking, planes. These planes incorporated the basic systems of control that would prevail throughout aircraft design over the next century and beyond.









The First
Birdmen
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Long before the first plane ever took to the skies, our species has been captivated by flight. This was never truer than in the case of the birdmen – the brave souls who dared to soar among the eagles with their homemade wings of wonder. Unfortunately, their daring found them less often with the eagles, but more frequently in a heap on the ground. Although the majority of them would not contribute one iota to the science of aviation, their audacity has to be admired.


One early record of mankind dabbling in aviation features an English monk known as Eilmer of Malmesbury, a man who was very well read for the time, studied in both astrology and mathematics. His intelligence notwithstanding, sometime shortly after 1000 CE, he thought it would be a good idea to leap from the Abbey’s tower strapped to his handmade wings of cloth. The tower was estimated to be roughly 45 metres tall (the original no longer exists), and the spot where he hit the ground, breaking his legs, more than 200 metres away. It could be argued that he got something right that day... though clearly not the landing, as he would spend the rest of his life blighted by his injuries.


Ismail ibn Hammad al-Jawhari would not fare as well. He hailed from what is present-day Kazakhstan and, as a lexicographer, he was also a man of learning. Records indicate that his attempt to defy gravity would have been within years of Eilmer’s brush with death. One fateful day early in the new millennium, Ismail climbed to the roof of a mosque in Nishapur. By all accounts, he launched himself from the summit after giving a rousing inspirational speech to the masses who had come to witness the event. Sadly, his wooden wings did not perform as desired, and upon crashing into the ground, he died.


Stories of other such dreamers are plentiful. From legendary kings to artists, aristocrats, and clergymen – obsession with flight afflicts people from any walk of life. Throughout the ages, and from all over the world, certain individuals’ longing to fly has so overcome their instinct to survive, that risking death for the chance of performing the superhuman feat of flying, seemed worth it.
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As the years progressed, some took a more scientific approach to the subject. By the 15th century, the polymath Leonardo da Vinci, having studied the flight-behaviour of birds, came up with intriguing designs that tackled the problem of getting a person off the ground. Although not feasible, at least the machines he envisaged leaned more towards some sort of practicality, instead of using stuck-on wings and will power. However, in spite of mankind’s forays into the sciences, birdmen would carry on jumping, and bones would continue to be broken. It wasn’t until the British engineer George Cayley turned his attention to flight at the end of the eighteenth century, that real progress would be made.
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As a child, Cayley was inspired by the Montgolfier brothers’ endeavours with ballooning and made it his life’s goal to understand the principles of flight. Even while at school, he was developing his own ideas on lift and theories of flight. He would go on to design, build and test his own kites and gliders, and by 1810 his work ‘On Aerial Navigation’ was published. Among his many achievements were discovering how a cambered aerofoil can maximize lift, and the creation of the first successful glider to carry a human being aloft. Not one to push his luck, Cayley would avoid meeting a tragic end like the many before him, which, sadly, can’t be said of the next and final character in the story of the birdmen.
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Otto Lilienthal, who would become known as the ‘flying man’ in later life, was born in Germany to middle-class parents in 1848. Fascinated by flight throughout his life, from an early age he and his brother made strap-on wings for each other; but it was only in the final decade of the 1800s that he made substantial progress over Cayley. Lilienthal’s first attempts at manned gliding began in 1891, with glides of typically 25 metres or so, but only a couple of years later he was achieving distances of as much as 250 metres. During the 1890s Lilienthal made in excess of 2,000 manned glides, accumulating what might seem a rather meagre total of five flying hours. This relatively short time airborne in fact made him one of the world’s most experienced aviators of the time. Despite this, on one fateful day in 1896, he lost control of his glider. At a height of about 15 metres his machine suddenly pitched downwards, throwing him to the ground with enough force to break his back. He died a day-and-a-half later from his injuries, telling his brother ‘sacrifices must be made’.









EARLY FLYING MACHINES
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KITE 5TH CENTURY BCE



Kites were invented in Asia and were originally made from silk and bamboo. Over the centuries they were used for signaling, testing the wind, and as aids in measuring distances.
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4TH CENTURY BCE BAMBOO-COPTER


The earliest bamboo-copters came from China, consisting of two feathers at the end of a stick. The toy would take to the air when the bamboo was spun rapidly between the palms of the hands.
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SKY LANTERN 3RD CENTURY BCE



The Chinese were the first to put the theory of hot air rising into practice. Sky lanterns served a similar purpose as kites, often being used in military communications.
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6TH CENTURY CE MAN-LIFTING KITE



Man-lifting kites have been used for entertainment, reconnaissance and even to execute people. Like others on this list, it originated in China.
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HOT AIR BALLOON 1783



The first hot air balloon to lift living beings carried a duck, a rooster and a sheep, on 4 June 1783. Made in France by the Montgolfier brothers, they commenced with manned flights later the same year.
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1852 DIRIGIBLE


Now known as an airship, the first dirigible, or steerable, balloon was also invented in France. Hydrogen filled the balloon, and the propellers were driven by a small steam engine.
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GLIDER 1853



Although there were many attempts at building gliding machines over the last couple of centuries, George Cayley’s glider was the first one to reliably work.








THE FOUR FORCES OF FLIGHT


When an aeroplane is in flight, there are forces acting on it that keep it in the air, as well as forces that hamper its progress. These forces were first identified by George Cayley (of the birdmen) in the early 1800s, and their discovery would lay the groundwork for the design of all aircraft going forward.
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Thrust is essential for powered flight: it is the force that ‘pushes’ the aircraft forwards through the air. Without thrust, a plane would not be able to take off or be able to sustain its speed in flight without gliding down to earth.
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Wings produce the force known as lift, which occurs when air is flowing over them at speed. Lift force generally acts upwards in relation to the wings and keeps the aircraft flying level while the engines drive the aircraft forwards.
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Drag acts in the opposite direction that the aircraft is travelling in. It is the force of the air pushing back against the aircraft as it flies through the atmosphere.
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Earth’s gravity causes all mass to have weight. This force always acts vertically downwards, towards the planet’s centre. In order to leave the ground, the weight of an aircraft cannot be greater than the lift it can generate.
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HOW PRESSURE WORKS
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Before delving into the theory of how wings generate lift, it is important to know how gasses, including the air, behave. By understanding the properties of gas, we can explain how it interacts with its environment and the force it exerts on it, which we know as pressure.


COLLISIONS


As with all matter, gas is made from molecules. In a solid, molecules are packed tightly, held in a rigid formation. In a gas, on the other hand, the molecules are further apart and are free to move around. Being free to move, these molecules spread themselves randomly to fill the shape of their container, and in doing so they will collide with its walls. Each of these collisions exerts a force, just like when throwing a ball at an object – but on a much, much smaller scale. We call the effect of all these collisions pressure, which is the term used to explain how much force is acting on a certain area.
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ATMOSPHERIC PRESSURE


Unlike in the closed box above, pressure is not equal throughout Earth’s atmosphere. This is because of its varying density; due to the weight of the air above, air near Earth’s surface becomes more compressed, therefore the molecules collide more often and the pressure is greater. Knowing how pressure fluctuates in our atmosphere is of utmost importance when designing and flying aeroplanes. Flying too low will reduce the range of your aircraft as the thicker air creates more drag, reducing the fuel efficiency. Fly too high and there will not be enough air for the engines to operate, or enough air flowing over the wings to generate lift.
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EARTH’S ATMOSPHERE





The vast majority of Earth’s atmosphere is compressed into the region that extends just 8 km above the planet’s surface. Anything above this altitude is known as the ‘death zone’, as the density of the air is too low to support human life. Although air pressure becomes almost negligible just beyond an altitude of 35km, the atmosphere technically extends for thousands of kilometres further as it gradually fades into space.
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HOW LIFT IS GENERATED
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Theories on lift first emerged in the 18th century, when scientists turned their attention to the emerging field of fluid dynamics. These theories would develop and be refined over the next two centuries, culminating in our present-day understanding of how solid objects interact with moving fluids.
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TWO PRINCIPLES


For an aircraft to stay in the air, there must be enough lift to counteract its weight pulling it down. Often, only one explanation is given when describing lift, but to fully grasp how wings work two concepts must be understood: how wings deflect the airflow; and how they create high-pressure air beneath them and low-pressure air above. At speeds clearly below Mach1 – the speed of sound – both concepts come into play, but when approaching Mach 1, airflow deflection becomes the dominant mechanism by which lift is generated. Once comfortably past the ‘sound barrier’ airflow deflection becomes the sole means of lift, since air becomes compressible at higher speeds and affects how the aerofoil works – but more on that later.


AIRFLOW DEFLECTION


Wings generate a portion of their lift by altering the direction that the air flows. This is due to their shape, which forces the airflow downwards. Since Newton’s third law of motion states that for every action there is an equal and opposite reaction, the air therefore exerts an upward force on the wings. A simple analogy of this is what happens when placing your hand out of a moving car’s window, keeping it flat and the fingers together. With the palm facing downwards not much force will be felt in an up or downward direction, but tilt it up at the leading edge, and the oncoming air will push it up. This is the reaction to your hand deflecting the air downwards.
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In the diagram here, the wing is at an angle that would be fairly typical of a plane in straight and level flight. Later we will take a look at how changing the angle effects the lift, and drag, of the aerofoil.


PRESSURE DIFFERENTIAL


To describe how a moving wing generates differing pressures on its two sides, one must understand Bernoulli’s Principle.


Daniel Bernoulli was a Swiss mathematician and physicist who made pioneering research into fluid dynamics – in particular, the way in which water flows in various situations. He published his findings in his book Hydrodynamica in 1738, its Latin title later being adapted to give us ‘hydrodynamics’, the term popularly used for the field of fluid dynamics. Although Bernoulli used liquids in his experiments, his findings generally hold true for gasses. An exception to this is at higher speeds (approximately over Mach 0.3) when the air in our atmosphere will compress, because Bernoulli’s original equations only work for flows of consistent density. During his research, Bernoulli observed what happens when water passes through tubing that contains a constriction. The first point to note is that in the constricted region, the water moves faster. This should be fairly obvious to most people; after all, a wide, slow-moving river can be seen speeding up during its narrower sections; and when using a hosepipe, by squeezing the end, the water shoots out faster. What is less apparent is how the change in speed of the fluid affects its pressure.
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BERNOULLI’S PRINCIPLE
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Bernoulli deduced that as the fluid sped up, the pressure it would exert on its surroundings would fall. His ideas are illustrated in the diagrams below, which depict two tubes containing stationary and flowing fluids.


NO OVERALL FLOW
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Here, the overall speed of the fluid is zero. As covered earlier, the molecules will move around freely and randomly, and regularly collide with the inner walls of the surrounding tube. These collisions each have a force, and therefore a certain amount of pressure is exerted on the tube.


FLOWING TO THE RIGHT
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Here the fluid is moving through the tube. The particles, although not all moving precisely to the right, are now generally moving in the direction of travel. This results in fewer collisions with the tube walls, and the collisions that do occur are more likely to be at shallower angles – more like glancing blows. This results in a lower overall pressure.
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VENTURI METER
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The above diagram shows the cross-section of a Venturi meter, a device that visually demonstrates the Bernoulli Principle. In this case, the fluid flowing through the tube is just air, and in the U-bend section sits a liquid. If there is no flow of air, then the liquid sits at a level height in each side of the U-bend. However, when the air flows through the tube, the liquid is drawn to the area of low pressure, at the point where the airspeed is greater.


PRESSURE DIFFERENTIAL CONT’D


Now that we know that the faster a fluid is moving, the smaller the amount of pressure it exerts on its surroundings, we can begin to see why wings are shaped the way they are. The air flowing above the wing should travel faster than the air below, so that underneath there is a region of high pressure, and an area of low pressure above. If this is achieved, there will be an overall force on the wing in an upward direction. Through years of trial and error, wind-tunnel testing, and of late, computer simulations, engineers have created aerofoils that encourage airflow to do just this – increase the airspeed over the wing, while preventing an increase below.


Typically, the upper surface of a wing has a greater camber (curve) than the underside and acts like the restriction in the Venturi tube. The air flowing over here must flow more quickly to obey the laws of fluid dynamics. On the underside, a flatter surface means that the airflow’s path is less restricted, and therefore the air does not have to speed up as much. It is advantageous for the underside to be somewhat curved however, as this ensures that the streams of air from the top and bottom are travelling in the same direction where they meet. If the two streams were to meet at a sharp angle it would cause the air behind the wing to be turbulent, increasing drag.
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In the diagram, airspeed relative to the wing is represented by the blue dots – the further apart the dots the faster they are travelling. The distance between them should not be confused with density, below the speed of sound we can consider air to be incompressible.


The cambered aerofoil shown above is typical for a subsonic aircraft. At higher speeds, air behaves quite differently, and the wings that are suitable for travelling through it are shaped to reflect that. It is a safe assumption to make that if you see an aeroplane with fairly thick cambered wings, as we have been looking at so far, then it is not capable of high-speed flight.
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The aerofoil above is in a wind tunnel in which smoke streams were set off simultaneously. The photo was taken the moment after the streams reached the leading edge, showing the smoke travelling further along the upper surface of the wing than underneath. This is visual proof that airflow speeds up more over the top of a wing than it does below.






THE FIRST AEROPLANE
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This photograph captures the historic moment that the Wright brothers made the first successful flight of a powered, heavier-than-air machine, fully controllable by the pilot. Having just ascended from the launch rail, Orville lies at the controls as his brother Wilbur looks on. The aircraft, the Wright Flyer, was a major milestone that began a century of aeronautical innovation.






The
Wright Brothers


As inventors and creators of the first aeroplane, Wilbur and Orville Wright became celebrated throughout the world for making sustainable manned flight a reality. The brothers had no college education, or indeed any formal training in engineering for that matter. Despite how modest their beginnings may have been, their passion for self-learning led them to become two of the greatest innovators the world has ever known.
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Born to Milton Wright and Susan Catherine Koerner Wright, Wilbur and Orville were the third and sixth of seven children. The eldest of the two, Wilbur was born near Millville, Indiana, and Orville, four years later, in Dayton, Ohio, since their father’s job as a preacher took him from post to post. By all accounts, Milton was a very determined man who had an iron will but nevertheless was close with his family, and a very loving father. Their mother, Susan, was a particularly well-educated lady for the time. As a youngster, she was given free rein in her father’s workshop, and consequently became adept with tools early on. As her children grew up, she made several toys for them, among which was a much-cherished sled, while passing on her experience and knowledge of crafting.
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Milton and Susan had encouraged their children to think for themselves and pursue their interests, instilling in them a natural curiosity for the world and the ability to solve problems through experimentation. These traits were most notable in the two brothers, Wilbur and Orville, who had become particularly close from a young age. The majority of their toys were owned between them and so together they would play, as well as work and create. The brothers spent so much time together, talking over their thoughts and ambitions, that nearly everything that they did in life was the result of discussions they had had together.


One evening, when the boys were eleven and seven years old, their father returned home with a present for them. Made from paper, bamboo, cork and rubber bands – what he held was a rudimentary helicopter. Before opening the front door, he twisted the rotor blades to tighten the rubber bands, so he could surprise his children. On entering, he launched it softly into the air and the toy’s spinning blades lifted it up to the ceiling, eventually floating back down to the ground as the bands loosened. Wilbur and Orville were fascinated with the toy, which they called ‘the bat’, and as a result it wasn’t long before they broke it. Being the capable problem-solvers that they were, they built their own, ever larger, replicas of the toy.
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Upon leaving school in 1889 Orville decided he wanted to set himself up as a printer – a hobby that he’d always had, also having experience of working in Dayton print shops over the previous two summers. He was joined by his brother Wilbur, forming Wright and Wright Printers, and together they printed a wide range of materials for the people of Dayton, including a couple of low-key local newspapers. The print shop took a back seat in 1892 when, as avid cyclists, they opened up a bicycle shop. A cycling craze was sweeping the nation at the time, spurred on by the new ‘safety bicycle’ (what you or I would call a bicycle) that was phasing out the old penny-farthing. It wasn’t long before the brothers’ talents earned them a local reputation as expert bicycle repairmen, and four years after the shop opened they began building their own bicycles to sell.
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It wasn’t until reading of the death of Otto Lilienthal, the famed glider, in 1896, that the Wright brothers rekindled their childhood passion for mechanized flight. This passion grew as they read books on the matter from their local library, and when they had exhausted all the relevant materials there they wrote to the Smithsonian Institution asking for more. Having read all they could on the subject, they felt certain that the ability to fly was already within their reach. What would go on to set them apart from other ambitious souls around the globe would be their extraordinary analytical abilities. Wilbur and Orville deduced that a successful aircraft would need wings to generate lift, an engine that was both light and powerful enough, and some sort of mechanism to provide control. Many of the gliding ‘birdmen’ of the era had built wings that worked satisfactorily, and engineers were developing ever smaller and more powerful combustion engines – just leaving them the problem of control to solve.


In the pursuit of figuring out how to control an aircraft in flight, Wilbur and Orville devised the three-axis principle (p.46) that would be used on every aircraft to this day. To control the direction, To control the direction, a rudder would be needed, much like a boat, and to control altitude an elevator would work in a similar way. Their real breakthrough came in how they were to control the roll of an aircraft – something that other inventors had shied away from, instead trying to stop their airborne machines from rolling altogether. To tackle this, the brothers devised a system that became known as ‘wing-warping’, whereby cables would pull at the wings causing them to twist along their axis. This twisting would either raise or lower the leading edge of the wing, affecting its lift, therefore causing the aircraft to bank.
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Between the years of 1899 and 1902, the Wright brothers tested out a series of unpowered aircraft, beginning with kites and progressing on to manned gliders. The site they chose for their experiments was Kitty Hawk, in North Carolina, selected due to its favourable wind conditions, and gentle sand dunes for soft landings. Using Lilienthal’s gliding data, along with much trial and error, and readings from models in their home-made wind tunnel, Wilbur and Orville honed their creations with every iteration. Over these years they broke all gliding distance records, and by 1902 had developed a glider that, along with wing-warping, incorporated rudder and elevator controls too. After completing hundreds of successful glides in their new model, the brothers finally felt ready for powered flight.
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