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			(4th April 1924, Wulvergem, Belgium – 

			25th March 2004, Hurlingham, Buenos Aires, Argentina). 

			


			As an adolescent he developed a passion for the history of aviation. He worked tirelessly during more than 30 years to give us this great and complete historical work. It required the reading and research of more than 165 historical books, and countless magazines, newspapers, encyclopaedias and exhibition pamphlets, many of them original editions from the late nineteenth and early twentieth centuries that are still kept in his vast and valuable library. 

			In 1972, his book The Curtiss D-12 Aero Engine, a study of the first successful engine built in aluminium block between the two world wars and the precursor of many engine designs, was published in the Smithsonian Air and Space Museum’s “Annals of Flight” series. 

			He contributed with other writers to various aviation magazines, and donated generously to the Circle of Aeronautical Writers in Argentina.

			He died shortly after finishing this work, so his family and many of his friends wanted to publish it for its historical value, as a detailed  explanation of how the pioneers of powered and manned flight developed the inherently stable aircraft we know today. 

			The publication of this book is a posthumous tribute from all who knew him to Hugo and his historical rigour.

		

		
		


		
			


			


			


			Part 1

		


		
			Preface

			To add another history of human flight to the many already published seems like an unnecessary undertaking. Yet, as in many other areas of knowledge, a subject can be approached from various angles and the present study is one more proof of this.

			For a long time the author was puzzled by what seemed to be an incongruity. A great number of aviation historians arranged their chronicles around what was considered to be the crowning event: the first recorded, powered and manned flight in history. All previous and later historical events were made to appear of lesser importance or as in some way deriving from that one spectacular achievement.

			Yet, when one studies the data available objectively, such a position cannot be held because of two undeniable facts: first, the type of aeroplane that is in general use today has its roots in the vision and work of the most enlightened pioneers of the nineteenth century. And second that the flying machine that made that much-heralded first flight was built according to a concept that stayed outside the mainstream of aviation development, a concept that eventually proved impractical and which had to be abandoned.

			One may thus feel that there is some justification for believing that aviation history can be approached from a different angle, one which gives more importance to the continuous evolution that began in the early years of the nineteenth century and progressively led to the modern aeroplanes that exist today.

			Another aspect that should not be ignored is the impact that this first flight had on the burgeoning aviation movement of the early twentieth century when the ultimate objective seemed so near, as indeed it was, and the misguided attempt to turn what the inventors believed was the technical predominance of their design into a monopoly and the controversy that followed. It all adds to the fascination that accompanies many a tale of human struggles with their corollaries of triumph and despair.

		


		
			Introduction

			From time immemorial, man has burned with the desire to emulate the flying creatures with which nature has endowed the world in such great profusion. Yet, as long as his approach was idealistic and not scientific, no progress was made and any attempt to copy the bird and its complicated flapping wings was doomed to failure.

			For many centuries, the only flying beings were mythical and mythological gods or heroes whose existence remained outside the plane of reality. That all efforts to imitate the flight of the bird were to remain futile is obvious when we take the trouble to observe an aeroplane passing overhead.

			It is not necessary to use one’s eyes to become aware of the presence of the machine because the first characteristic that strikes us is the noise it makes. That noise derives from the powerplant without which no horizontal flight is possible.

			When we look at the aeroplane flying above us, we see a vehicle consisting of a streamlined fuselage carrying a fairly big monoplane wing that remains immobile. At the tail end, we note a small horizontal plane attached to it and on top stands a vertical fin, both as fixed as the wing. Only scrutiny at close quarters will reveal that the wing has small moving surfaces at the tips and others fitted at the rear end of the horizontal tail and of the vertical fin.

			We all know what these moving parts are for. They are needed to direct and control the aeroplane in flight, along the three axes. The purpose of the wings is clearer still. They are there to lift the aeroplane and carry it through the air. But the purpose of the fixed tail and of the fin is not so commonly grasped; they are there for the sole purpose of keeping the aeroplane on an even keel, and without these fixed appendices safe flying would be as impossible as without the wing.

		


		
			Leonardo da Vinci, the first Appreciation

			The first attempt to study the laws that govern flight and to design a machine that would enable man to fly was made by Leonardo da Vinci around 1495/1500. Leonardo was the first genius of the Renaissance to recognize the endless possibilities of man-made mechanisms and he proceeded to fill notebooks with designs which are still in use today such as the parachute, the ball bearing, scissors, the odometer, portable bridges, and many more that have hardly been improved.  Leonardo was one of the first to discover that by means of “an apparatus consisting of a number of rigid or elastic parts linked together in such a way as to have their motion completely determined, almost anything could be done”.

			The idea of attempting flight with a man-made apparatus was too appealing to be left alone and Leonardo filled several more pages of his notebooks with designs, drawings and calculations so as to produce a machine that would enable man to fly. In the process, he invented an aerial screw, a parachute and a helicopter.	

			But in order to make horizontal flight possible, Leonardo had only the bird to guide his studies. He investigated the flapping movement of its wings and progressed from a machine moved by the arms to one moved by hands and feet but he finally became aware that man would never be capable of lifting himself into the air by means of even the most ingenious machine moved by his muscles, and across one of the last pages of his notes he wrote “Non è vero” and let the matter rest there.

		


		
			Giovanni Borelli and Isaac Newton

			Leonardo’s designs inspired none of his contemporaries and two more centuries were to elapse before the problems were again approached scientifically. In 1680 an important book was published posthumously. It was written by Giovanni Alphonso Borelli, a learned Neapolitan doctor who had devoted himself to studying all forms of animal locomotion, including an analysis of the flight of birds, and had been struck by the strength and size of the musculature that moved the birds’ wings.

			As a result of these studies, Borelli, like Leonardo two centuries earlier, concluded that man would never be capable of flying with the use of his muscles. This time, however, the problems were not shelved as in Leonardo’s time because the second half of the 17th century saw a major development in western thought based on the study of the surrounding material world.

			A few years after the publication of Borelli’s book, and inspired by it, the great English physicist Isaac Newton, took up the problems again and he very carefully studied the movements of elongated shapes through fluids and gases to try to obtain a universal formula governing these movements and the resistance they created.

			Newton arrived at a very interesting conclusion, that the resistance of a surface moving through a fluid was dependent on the density of that fluid (moving through air is easier than through water). It was also dependent on the surface of the moving shape and on the square of its speed because great speeds create very great resistance and a great deal of power is needed to overcome them.

			The most interesting conclusion Newton reached was that the reaction resulting from the resistance induced by the horizontal movement of a flat body through a fluid at a small angle of incidence was that the moving object was pushed upwards with a force dependent on its surface and the square of its speed.

			Newton thus arrived at the formula for calculating the resistance as: 

			R=KdSV2 sin2 θ.

			He defined the resistance, R as a force acting in a direction perpendicular to the surface, and dependent on the density of the fluid (d), the square of the velocity of the incoming fluid stream (V2), the surface area (S), and the angle that the surface makes relative to the initial flow direction (called the angle of attack and represented by θ). K is a constant which could only be found by experimentation.

			This formula, except for the square of sinus θ proved to be correct and indicates that the resistance that generates lift increases with the square of the speed, so that, given adequate power to overcome the resistance, any winged object can be made to fly. The emphasis is here on “adequate power” because this was the big hitch that kept the aeroplane enthusiasts from flying for nearly two more centuries.

			In stating that the resistance of a moving wing was also dependent on the square of sinus θ. Newton made an error of far-reaching significance because it caused stagnation in aeronautical research, at least in France. Although Newton’s use of the term resistance to describe this force survived until the early twentieth century, it will be less confusing if we substitute it by the modern term reaction force. 

			In 1780, two French scholars, Condorcet and Monge, in a “rapport” to L’Académie des Sciences arrived at the same conclusions as Borelli whilst Coulomb at about the same time calculated that man, in order to fly, would need wings with a surface area of 12,000 square feet.

			Early in the nineteenth century, a group of scientists, among whom were Gay-Lussac, Flourens and Navier, studied Newton’s formula and adapted it to bird flight. Navier, who made the calculations, came to the startling conclusion that seventeen swallows in flight developed a force equivalent to 1 hp.

			There were opposing voices, from Bobinet and others, but Navier’s calculations were accepted and presented to L’Académie des Sciences in 1829. So, for about 40 years this brought interest in dynamic flight in France to a standstill.

		


		
			The Search for Power

			At the time when Newton was making his observations, the search for mechanical sources of energy was in full flight. During the last quarter of the 17th century, ideas and proposals were beginning to be formed around the use of heat produced by chemical reactions for use in motors. This started a series of discoveries, which eventually resulted in supplanting animal musclepower as man’s principal source of energy, and thereby helped to abolish slavery as a happy side-effect.

			The first to convert these ideas into practice was the great Dutch scientist Christian Huyghens. In 1673 he presented an internal combustion engine that burned minute quantities of gunpowder to the French Academy of Science.

			Huyghens’ machine was used in Paris for pumping water. His young assistant, Denis Papin, later built an identical engine for Charles Landgrave of Hesse. But Papin hit upon a more practical way of raising pressure inside the working cylinder by using steam.

			Although Papin’s engines worked on the model devised by Huyghens by creating a vacuum under a piston, the use of steam made the control of combustion much easier and this marked the beginnings of the steam engine, which was then rapidly developed, becoming the first type of engine to be used as a power source for aircraft.

			Papin was not able to pursue his discovery to any practical end and it was again in Britain that the steam engine was perfected through the efforts of James Watt, who turned it into a powerplant of practical use. At the beginning of the nineteenth century Richard Trevithick had designed and built machines which worked with the direct pressure of steam against a piston in order to obtain much higher powers than could be obtained by the system devised by Watt which still worked with atmospheric pressure.

			At the same time one of the most extraordinary minds that ever studied the problems of aviation was active and began to write down his observations and findings. This was Sir George Cayley, a country squire who has been deservedly dubbed “father of aviation”.

		


		
			Sir George Cayley

			Cayley worked and wrote down his observations at a time when those interested in aviation had shifted their ideals and become aware of the possibilities of an artefact they had long been aware of, a plaything they had looked at without seeing, as the French enthusiast de La Landelle aptly put it.

			It suddenly dawned on a few privileged minds that the kite, the plaything referred to, was in fact a flying body governed by the same laws of aerodynamics that applied to birds, those same laws that had been formulated by Newton. The kite, it was now believed, would be able to lift man into the air in a more rational manner than could be achieved by trying to imitate birds, so the kite would become a mechanical bird.

			It is generally believed that the kite was invented by the Chinese a few centuries before the Christian era, but another contender for the title of inventor is the Greek philosopher Archytas of Tarent, who lived in the 4th century BC.

			When speculating about the kite’s origins, the theory that it could have been discovered accidentally by observing runaway sails or hats or something similar holds little ground because it overlooks the fact that a kite can only rise when it is firmly attached to the ground. It would be more logical to visualize some kind of sail tugging at the hand of someone who held it as tightly as he could.

			Kites began to be regarded as subject to the laws of aerodynamics during the 18th century, and in 1756 the German mathematician Euler wrote: “The kite, this child’s toy, despised by the scholars, could nevertheless lead to the most profound reflections”.

			Indeed, in order to conceive the kite as similar in characteristics to the bird, a great mental effort had to be made because it was necessary to understand that the forces acting upon the kite had to be inverted.

			[image: ]

			A kite flies by capturing the kinetic energy of the wind, which is air on the move, so that a kite in reality flies by the power of the sun and the traction on the line that holds it to the ground is a measure of that force.

			At the end of the 18th century it began to be understood that the force measured by the traction on the line was to be replaced by a thrust created on board the kite, making it move and generate lift.

			This was the great discovery, as Cayley explained in his celebrated “triple paper” published in William Nicholson’s Journal of Natural Philosophy, Chemistry and the Arts (known as Nicholson’s Journal) in 1809 and 1810: “It is perfectly indifferent whether the wind blows against the plane or the plane be driven with equal velocity against the air... If therefore a waft of surfaces advantageously moved, by any force within the machine, took place to the extent required, aerial navigation would be accomplished.”

			For the first time, the pessimistic conclusions of Leonardo da Vinci, Borelli, Navier and many others were replaced by the belief that a man-made engine could work the miracle. Again, quoting Cayley: “I feel perfectly confident, that this noble art will soon be brought to man’s general convenience, and that we shall be able to transport ourselves and families, and their goods and chattels, more securely by air than by water... To produce this effect, it is only necessary to have a first mover which will generate more power in a given time, in proportion to its weight, than the animal system of muscles.”

			Once the principles of dynamic flight had been formulated (“To make a surface support a given weight by the application of power to the resistance of air”), Cayley went on to invent the aeroplane practically single-handed and wrote down his findings in a magisterial essay first published in Nicholson’s Journal in November 1809 and February and March 1810.

			Starting with the powerplant, he considered steam as motive fluid but explicitly rejected the unwieldy machines moved by atmospheric pressure which were built by Boulton and Watt and turned his mind to the newly devised engines of Richard Trevithick (who was a genius comparable to Cayley himself) and which worked with what Trevithick described as “pressure of steam”. In 1804, Trevithick had just built the first locomotives in Britain and in 1808 a steam-driven road wagon.

			Pondering on the possibilities of making steam engines lighter and more powerful, Cayley proposed the water-tube boiler, which was indeed to become the most efficient and lightest generator, though it appeared many years later. But Cayley looked farther ahead and proposed that a lighter and better engine could be built by using internal combustion, by “firing inflammable air (gas) with a due portion of common air under a piston”, to quote his own words.

			However, Cayley had not yet reached the limits of his vision. Once the machine flew, what would happen? It had to remain stable in the air and not behave like a dead leaf, it also had to be steerable and not zoom like an arrow. Incredibly, Cayley solved nearly all these problems too.

			He had a good look at the then already known parachute, noted its lack of stability and concluded that lateral stability could only be achieved by an angular form of the wings. “With the apex downwards”, a dihedral angle, as it is called today. Cayley called this “the chief basis of stability in aerial navigation”.

			He also considered the need for longitudinal stability and thought that a low centre of gravity and a kind of automatism in the travel of the centre of pressure according to the angle of attack of the wing would achieve the desired effect.

			Steerage would be obtained by a horizontal rudder “in a similar position to the tail in the birds” and a “vertical sail ... capable of turning from side to side which, in addition with its other movements effects the complete steerage of the vessel”.

			He also saw the need for streamlining the body in order to reduce parasitic drag, especially the rear part and also noted that “diagonal bracing” would make it possible to build structures “with a greater degree of strength and lightness than any made use of in the wings of the bird”. This was the principle of trussing which Chanute introduced with good effect in the construction of biplane wings during the late 1890s and which remained in use for nearly forty years.

			Giving his imagination free rein, Cayley then prophesied: “By increasing the magnitude of the engine, 10, 50, or 500 men may equally well be conveyed; and convenience alone, regulated by the strength and size of the materials, will point out the limit for the size of vessels in aerial navigation.”

			Cayley made several experiments himself, which have been described in other publications1 but his thoughts ran too far ahead of the possibilities of the moment to achieve any practical result. He even designed a kind of hot-air engine and experimented a couple of times with gunpowder but was moved to remark: “Who would take the risk of breaking their necks or being blown to atoms?”. Yet, gunpowder as engine fuel had been the first used and would continue to be proposed from time to time, which only shows that in the pursuit of their ideals, mankind will not avoid the most appalling risks.

			Referring to the experiments made upon the resistance of air by Smeaton2 and corrected by him by careful and unrelenting observation of the crow and other birds, Cayley came to the conclusion that a wing loaded at 1 lb/sq ft would carry 1 lb of weight as soon as a horizontal speed of 35 ft/sec (equivalent to 21 knots or 24 mph or 38 kph) was reached. This was correct and is the take-off speed of most of the ultralight planes that have come into fashion. What nobody knew was how much power was needed to accelerate a winged machine of a certain weight until flying speed was reached.

			Newton’s formula had led Navier to compute impossibly high figures but Cayley, again by observing birds, noted: “The perfect ease which some birds are suspended with in long horizontal flights without one waft of their wings, encourages the idea that a slight power only is necessary”. Sir George was possibly not the first and certainly not the last, to let the soaring birds beguile him with that “slight power only”.

			Having calculated that a man running upstairs was able to generate about 2 hp for a short time, he took into account that no man could sustain this rate of power for a long period (“one minute” noted Cayley). Consequently, he calculated the output needed at take-off — the moment at which he believed, correctly, that the greatest effort would have to be made — as 5 hp with a specific weight that had to remain below 30 lbs per hp.

			In his day, a steam engine of five hp was a machine of awesome proportions located in a building specially erected to house it. Even so, he was well below the real power requirements, as would be discovered a century later.

			Cayley waited all his life for the aero engine to appear, and during long periods he left aeronautics alone and dedicated himself to some of his other manifold preoccupations. The last published reference to the missing powerplant was written in 1853, three years before he died at the age of 83: “It need scarcely be further remarked that, were we in possession of a sufficiently light prime mover to propel such vehicles ... mechanical aerial navigation would be at our command without further delay”. This proved correct, but the goal was still more than half a century away.

			

			
				
					1. Sir George Cayley’s Aeronautics 1796-1855, by Charles H. Gibbs-Smith (Science Museum, London, 1962).

				

				
					2. Smeaton disclosed his tables of pressures around 1750, after an extended visit to the Low Countries where he was able to observe the windmills there and their efficient wing-shapes, a result of centuries of practical experience.

				

			

		


		
			Henson and Stringfellow

			The weight of the man-carrying machine was estimated by Cayley to be about 500 lbs, complete with engine and propeller. He thus arrived at a requirement of 10 hp for every 1000 lbs lifted. This fired the imagination of William Samuel Henson to such an extent that in 1843 he proposed an “Aerial Transit Company” bill in the House of Commons.

			His object was the construction of a flying machine powered by a steam engine developing 25 to 30 hp and weighing over 600 lbs. The complete aeroplane would weigh about 3000 lbs with a wing surface of 6000 sq ft. This would, in Henson’s opinion, enable him to organize aerial transit to several distant points of the globe.

			Henson’s proposals received a great deal of publicity but, if he had ever been given the green light to proceed with his Transit Company, the business would have floundered because of the lack of adequate power, as well as by the enormous surface requirement of the wing and the tail.

			But Henson and his engineering associate John Stringfellow went to work anyway on small-scale models. If there is one thing that continually amazes the historian, it is the optimism with which the early pioneers tackled the host of difficulties that lay before them.

			Henson realized that high steam pressures would be required so he set to and designed and built a model engine to work on a pressure of 100 lbs/sq in. After many discouraging years without result, Henson gave up in 1849, whilst Stringfellow continued alone and was at last able to build a small model steam engine which was said to produce about one-third hp for a weight of 13 lbs, including the steam generator.
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			France takes up the challenge

			After Henson’s experiments, aviation in the UK was allowed to lapse but, curiously enough, interest in dynamic flight arose again in France, in spite of Navier’s calculations, which could have been forgotten in the meantime.

			It is significant to note that Cayley was asked to contribute and he subsequently wrote several articles for the Bulletin Trimestriel of the first aeronautical society in the world, the Société Aérostatique et Météorologique de France, founded by a well-known French aeronaut J. F. Dupuis Delcourt. As will be noted, the title does not mention dynamic flight.

			Yet Cayley, in 1853, proposed rather slyly that “As aerial navigation on the balloon principle, can only be carried out on an enormous scale of magnitude and expense ... it may not be unworthy of the Society to turn its attention towards making some cheap preliminary experiments to ascertain practically what can be done on the principle of the inclined plane, which appears to be applicable on any small scale from that of a bird to the uses of man, ... whenever a first mover, combining sufficient power, within a certain limit as to weight, is discovered.”

			There is no evidence that directly links Cayley’s articles and proposals in this French Bulletin to the first attempts by Frenchmen to start experiments with fixed-wing aeroplanes, but the analogies are striking.

			In 1857, a French naval officer, Félix du Temple, patented a fixed-wing flying machine moved by a motor. The machine was calculated to weigh one ton and du Temple, with more optimism than Cayley’s, estimated the power requirement as 6 hp.

			Du Temple’s machine had a tail in the rear and a slight dihedral of the monoplane wing. One interesting original feature was the proposal that the aeroplane should take off by rolling across a field in the modern manner. Due consideration was also given to the question of stability.

			Experiments were on small-scale models but, as soon as full-scale construction began around 1874, “the inadequacy of all motors known became apparent” as O. Chanute wrote. Du Temple had experimented with steam at high pressures and in due course designed an efficient boiler consisting of small water tubes as advocated by Cayley in 1809. This boiler produced no flight, but it was adopted by the French Navy, so du Temple was in some measure rewarded for his pains.

			A second experimenter was Joseph Pline, a pioneer of great originality, who presented a patent in 1855 using a fixed plane in conjunction with a balloon, in an effort to get the best of both aeronautical systems. One interesting feature in this patent was that the fixed plane was for the first time designated with the word aéroplane.

			Pline’s mixed system was not built; it would have been a failure as were all others that followed, trying to add wings to an airship, but Pline soon began to experiment with small flying models and stated that he was certain that it was possible for a plane to rise, sustain itself and fly around in the atmosphere without the use of hydrogen.

			After carefully observing aerial currents as well as the organs used for flight by different animals (nature has produced more flying creatures than earthbound ones), Pline came to the conclusion that curved surfaces were the most efficient and he designed several paper models that had wings consisting of half-cylindrical surfaces arranged in the direction of flight, somewhat in the manner of F. M. Rogallo’s flexible wings designed in 1948.

			Pline’s model aeroplanes flew gracefully and, under the name Papillons de Pline (Pline’s Butterflies), acquired great fame in France during the 1860s. All aeronautical experimenters were able to witness the flights of these flying models, which proved that in case of engine failure, a fixed-wing machine would not fall like a stone but could glide safely to earth.

		


		
			The fruitful decade

			Human progress sometimes proceeds by leaps and bounds and the 1860s and 1870s were a case in point in the field of flight. In 1860 J. E. Lenoir invented and then built the first internal combustion engine “firing inflammable air with a due portion of common air under a piston” as Cayley had proposed in 1809.

			It is true that, as soon as illuminating gas was invented by Philippe Lebon in 1799, means were sought to use gas as a fuel for machines that produced power, with the principal difficulty being thought to lie in the means of mixing gas and air before combustion could take place. Lenoir solved the problem in one masterful stroke by effecting the mixing inside the working cylinder itself. He simply built a copy of a steam engine that admitted a quantity of gas and air during the first part of the working stroke which was then ignited half-way, producing an explosion that did useful work during the rest of the stroke. The return stroke was used to expel the burned gases and then the cycle began anew.

			Lenoir’s engine generated much enthusiasm among aircraft pioneers, but this enthusiasm soon waned when it was found that the heavy, shaking gas motor, needing water to cool the cylinder and consuming great amounts of gas and lubricating oil, was less suitable as an aeronautical powerplant than the steam engine in use at that time.

			However, several other initiatives began to encourage the aeronautical movement both in England and in France. After the demise of Dupuis Delcourt’s society in 1853, a group of enthusiasts gathered in Paris on 30 July 1863 at the instigation of the well-known photographer Jules Nadar to hear a manifesto concerning aerial locomotion which caused considerable agitation.

			Nadar founded a journal with title L’Aéronaute which had a short life due to a lack of subscribers but set the ball rolling. The idea was to single-mindedly promote the art of flying by means of machines heavier than air. Gustave Vicomte Ponton d’Amécourt, one of Nadar’s principal collaborators, had written in 1853, “We will try in vain to solve the problem of aerial navigation as long as we do not suppress the balloon.” Nevertheless, as Navier had calculated that fixed-wing flight was impossible, all minds were set on developing a machine lifted by airscrews.

			Another enthusiast, Guillaume Joseph Gabriel de La Landelle, published a book in 1863 with the title Aviation ou Navigation Aérienne (sans ballons) in which the word aviation was used for the first time. This book showed a drawing of a flying vessel that was moved and supported by several horizontal propellers and de La Landelle asserted that by such means 1000 kg could be lifted by a force of 4 hp.

			De La Landelle’s flying ship was never built for obvious reasons but it fired the imagination of Jules Verne, who published the best-seller Robur the Conqueror (also translated into English as The Clipper of the Clouds) describing a flying ship moved by multiple horizontal airscrews as in de La Landelle’s vision.

			Ponton d’Amécourt went to the trouble of building an extremely light engine for helicopter use which worked with steam at a pressure of 150 lbs/sq in. from a generator built almost entirely of aluminium, which thereby made its initial appearance as a lightweight metal for light aircraft engines.

		


		
			The Aeronautical Society

			On 12 January 1866, the Aeronautical Society of Great Britain was founded in London, with the Duke of Argyll as president and Francis H. Wenham as one of the founding members.

			On 27 January, Wenham read a paper before the Society, entitled On Aerial Locomotion and the Laws by which Heavy Bodies impelled through Air are Sustained. Wenham proposed rigid leading edges of the wings, a high aspect ratio and the use of several superposed planes in order to increase the wing surface without increasing its dimensions and weight in the same proportion. The paper had a great impact on the aeronautical movement in the English-speaking countries.

			In the same year an equally important paper was published by Jean-Charles de Louvrié in France with the suggestive title Vol des Oiseaux, équation du travail, erreur de Navier. De Louvrié declared emphatically that Navier’s calculations were wrong, that the bird was similar to the kite “in which the line is replaced by the living force working on the mass (of air) by the propeller” (the wing tips which in a bird act as propellers). This was certainly a new point of view and de Louvrié went on to state that a bird could soar on rising currents of air, determined by the unevenness of the ground and that flight was nothing more than a balancing act.

			All this was true, but it led several French enthusiasts, eager to copy the bird’s balancing act, to think along lines that deviated from what Cayley had shown, as will be discussed in a later chapter.

			The most important event of the decade was the organization by the Aeronautical Society of the first Aeronautical Exhibition in the world. It opened on the 25 June 1868 at the Crystal Palace in London, and among the seventy-seven exhibits were engines, models and kites.

			The Exhibition lasted eleven days, and was especially important because the French were also present. Earlier during the year, the publication L’Aéronaute had been revived by Abel Hureau de Villeneuve and on 23 May a Société Aéronautique et Météorologique de France was constituted on the model of the Aeronautical Society of Great Britain.

			The new L’Aéronaute started its publication by reporting extensively on the Aeronautical Exhibition of London. A prize of 100 pounds was to be given for the best engine. Sixteen engines were entered and the prize was unanimously awarded to the steam engine built by John Stringfellow for the Henson experiments referred to above.

			The committee, for some mysterious reason, accorded Stringfellow’s engine a power output of one hp. It was later acquired by S. P. Langley for the Smithsonian Institution but on test never approached even the 1/3 hp originally claimed for it. It was also installed in a neat triplane model plane built by Stringfellow but was incapable of making it fly, so the Exhibition produced no artefacts capable of flight.

			The French would have liked to submit Ponton d’Amécourt’s aluminium steam engine but Hureau de Villeneuve refused permission to have it fired up, on the grounds that the manometer was lacking. He was criticized for his decision at the time, but he was probably right.

			Another steam engine at the Exhibition was built by R. E. Shill, whose “turbine injector power unit” was said to be capable of achieving 1 hp. Shill subsequently collaborated with Thomas Moy, who became bitten by the aeronautical bug at about that time (having exhibited “a mariner’s kite for use in rough weather” at the Exhibition), and subsequently built what was called “Thomas Moy’s Aerial Steamer”. The engine for the first experimental model worked at a pressure of 160 lbs/sq in. and produced three hp for a weight of 80 lbs in 1874.

			The model was tested in 1875 but instead of the hoped-for 35 mph take-off speed, only 12 mph was reached and no flight was achieved. Again we see the sanguine response of the pioneers when, after the unsuccessful tests, Moy proposed building a full-size aeroplane with a steam engine of 100 hp “capable of carrying several men” according to Chanute.

			It was no wonder that, in one of his reports on the Exhibition to Paris, Hureau de Villeneuve stated sadly that the great enthusiasm aroused in France at the prospect of realizing aerial locomotion in the very near future in 1863 had all but died out and, like Cayley sixty years before, he reflected on the fact that the big problem remained the engine, or rather the lack of a satisfactory one.

			In his opinion, it was not a matter of cost and he declared: “At the present stage it does not really matter whether the aero engine consumes alcohol, ether, diamonds or attar of roses. The important thing is to fly at any price.” Economy would be achieved by subsequent practice.

			The year 1868 saw another outstanding feat, the invention of the aileron system for controlling the lateral movements of an aeroplane. M. P. W. Boulton registered a patent (No. 392) that year for a system “to prevent [aerial vessels] turning over by rotating on the longitudinal axis”. In his specification Boulton referred to Cayley’s proposals to achieve inherent lateral stability by using a dihedral angle of the wing but he thought that it could become “desirable to provide a more powerful action preventing rotation of the body in this direction”.

			The system described (“vanes or moveable surfaces attached to arms projecting from the vessel laterally”), the aileron system as it is called today, was proposed as a safety device in order to redress the aircraft if, for some reason it should begin to roll as a result of a gust of wind or an upset balance. The purpose of the invention was to ensure that “the balance of the vessel is redressed and its further rotation prevented”.

			


			This was aileron action as it is used on the great majority of modern aeroplanes although no mention was made for its use in order to make a turn. That had not yet entered the vision of the aviation pioneers and would come much later.

			Thus, the modern aeroplane was slowly taking shape. A light and powerful engine, fixed and rigid wings of high aspect ratio, a horizontal and vertical movable rudder at the rear, ailerons for controlling unwanted rolling movements were contemplated in theory before the end of the 1860s.

			There was only one quality lacking: inherent stability in the longitudinal sense. Cayley’s speculations in 1809 were not yet adequate for that purpose. Longitudinal stability, the most important of all, would now be shown shortly afterwards to an admiring aeronautical community in Paris by the second great aeronautical genius of the nineteenth century, after Sir George Cayley, a figure who would dominate the aeronautical movement during the next decade: Alphonse Pénaud.

		


		
			Alphonse Pénaud

			As Hureau de Villeneuve sadly remarked in 1869, most of the enthusiasm for aviation that had been aroused earlier had again been lost. But at the end of the decade it was revived with great force by a single man whose genius dominated the next few years.

			A complete biography of the extraordinary and talented Alphonse Pénaud is still lacking but a special issue of the French aeronautical monthly Icare (Nº 38 of 1966) was devoted to him. Compiled by the late Charles Dollfus, at that time France’s most respected historian of aeronautics, it is the best source of information about Pénaud’s life and work.

			Born on 31 May 1850, Pénaud was the son of an admiral but he was unable to follow a naval career because he was incapacitated from the age of nineteen by a hip ailment. His great mental energy then found another outlet in the furtherance of dynamic flight.

			In 1869 he started his aeronautical activities by building a small-scale helicopter along the lines followed by Launoy et Bienvenu in 1784 and by Sir George Cayley in 1796. In the course of his experiments he found that rubber, when cut into fine strands and suitably twisted would provide more energy than an equal weight of rubber working under tension, as had hitherto been used.

			His twisted-rubber helicopter model was shown for the first time on 20 April 1870 to de La Landelle and Hureau de Villeneuve, but Pénaud, who had become very interested in the flying exhibitions of Joseph Pline’s Papillons was gripped by the possibilities of fixed-wing flight and decided to find out if he could build a self-propelled flying aeroplane by using his twisted-rubber engine. No aeroplane type, not even Stringfellow’s steam-powered triplane of 1868, had been able to achieve flight so far.

			Beginning his research by observing the fall of diverse surfaces and by studying Pline’s models, Pénaud soon designed a small-scale aeroplane which used twisted rubber as a power source. He had to apply the full keenness of his mind to make this model fly in perfect balance and find a solution to the hitherto unsolved problem of how to obtain longitudinal stability.

			The model plane which was built according to his calculations received the name “Planophore” and flew for the first time in public on 18 August 1871 before an admiring group of fellow associates of the newly founded Société Française de Navigation Aérienne.

			His flying model bore a decided resemblance to a modern aeroplane as it had a monoplane wing in front and a small fixed tail at the rear. It weighed only 16 grams (0.56 oz) and with a wing that had a surface of 490 square centimetres (0.53 sq ft) the wing loading amounted to merely 0.0714 lbs/sq ft.

			It was driven by a single propeller at the rear and, in order to counteract the torque of the revolving propeller, one side of the wing was made longer than the other.

			After applying the necessary energy to his rubber strands by giving the propeller 240 turns, the little aeroplane flew for 11 to 13 seconds, covering between 40 and 60 metres (130 to 200 ft.). Because of the low wing loading it flew very slowly at 3.6 m/s (about 13 kph or 8 mph) and yet showed a remarkable steadiness in flight.

			Pénaud had discovered the secret of inherent longitudinal stability. He described his discoveries and the calculations related to them in a remarkable article published in L’Aéronaute of January 1872 under the simple title “Aéroplane Automoteur” and with the revealing subtitle “Stabilité Automatique”.

			As he stated in the article, “Luckily, after a few investigations, I imagined a very simple device, which achieved the desired goal.” This simple device was a small fixed horizontal tail, inclined downwards with reference to the main lifting wing and at a certain distance to the rear. Just as Cayley had indicated the way to obtain lateral stability by giving a small dihedral to the wings so that they looked like a flattened V when seen from the front, Pénaud now proposed to use the same means in a longitudinal direction because the angle formed by the wing and the stabilizing tail also formed a very flat V.
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			Because this tail surface was restraining, it produced a certain amount of drag and hence power was wasted by this kind of construction, but it is the toll that has to be paid in return for safety in the air.

			The propeller of the “Planophore” was at first situated at the rear, but in 1875 he also flew a planophore with a tractor propeller at the front. The little model plane was so stable that it flew without a vertical fin, but it could only fly in a windless atmosphere, preferably indoors, where most of Pénaud’s exhibitions were held.

			His article ended as follows: “Whatever the results, my planophore proves the possibility of the aeroplane system, the possibility of a stable equilibrium surrounded by air and promises a considerable speed for great machines.”

			In 1871 it may be said that all the elements of the modern aeroplane form were in existence, excepting again, the engine. Inspired by Pénaud’s research, a new branch of the existing aeronautical society was formed as the Société Française de Navigation Aérienne. Hureau de Villeneuve was appointed its president and Pénaud was the archivist and librarian. He thus had access to all the publications of the society and he studied every one of them.

			In the January 1873 issue of L’Aéronaute, he published a theory of the aeroplane entitled “Laws of Gliding through the Air” in which he made reference to Newton, to Navier’s error, to Wenham and to Cayley, whose articles, published in France in 1853, he had also read.

			Cayley’s writings aroused his interest and he began to search through British technical literature of the early nineteenth century, eventually coming across Cayley’s triple paper “On Aerial Navigation” in Nicholson’s Journal in 1809 and 1810, referred to previously.

			Pénaud thus encountered a mind equal to his own and was astounded by the clarity of Cayley’s essay: “These writings,” wrote Pénaud, “which have lain dormant and forgotten on the dusty shelves of old libraries, are among the most important which exist relating to aerial navigation.”

			“Nobody has understood the impact of this mind, nobody has encouraged or helped him, or was stimulated by these life-giving ideas. The tree died before it bore fruit and Cayley’s very existence was unknown in France. It is our duty to raise his name from oblivion.” And he duly did so, as Cayley’s triple paper was translated into French and published in L’Aéronaute during 1877.
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			The Study of Bird Flight

			Meanwhile, Professor Etienne Jules Marey had made profound studies of the flight of birds. After it had been discovered that by putting a kite in motion it could fly like a bird, Marey’s observations showed that a bird is also like a kite, meaning that it follows the same aerodynamic laws as the fixed-wing flying machine.

			Marey showed that a bird’s wing consists of two sections; a central part that provides lift like an aeroplane’s wing, whilst the bird’s wingtips provide thrust, working like propellers. The bird flies because it acquires horizontal speed and not because it flaps its wings up and down. “Translation gives three times as much lift as down beating”, said Marey and he gave the definitive proof by tying a bird with a long string to the ground. As soon as the wire became taut and the bird’s horizontal progress was arrested, the poor animal, for all its frantic flapping, fell to the ground.

			The bird’s wingtip was at that time called “aileron” by the French, a word that was to acquire, quite by accident, a completely different meaning in 1908.

			Marey was not the first to have discovered the true movement of the bird’s wing because Cayley had already become aware of the bird’s mode of flying in 1808 and several others after him, notably Wenham (as Pénaud was quick to point out). Marey himself became involved in a heated controversy with S. B. Pettigrew, Professor of Anatomy at the University of St Andrews, who had described a similar theory of bird flight a year earlier.

			But Marey’s publications received wide publicity, and even inspired the Wright brothers’ 25 years later. Another effect was that several of Pénaud’s fellow members of the Société, among them the president Hureau de Villeneuve, were dedicated to the building of flapping-wing models which were patterned, or so they thought, after birds.

			Pénaud thereupon built a flapping-wing model himself, with the tips providing thrust and the central part providing lift, as with a real bird. It was tested in 1872 and an improved model was built in 1874 and, as Charles Dollfus wrote, “a better result with a flapping-wing machine has never been obtained”.

		


		
			Pénaud’s Master Patent

			In spite of the optimal results of his flapping-wing model, Pénaud remained convinced that “Only the aeroplanes give hope for building full-size machines”. But Pénaud remained for the time being alone in his outlook. The Franco-Prussian War of 1870-1871, and the contact which the beleaguered city of Paris had with the outside world by means of balloons, had turned the attention of the aeronautically minded towards the emergence of the dirigible balloon, which was thought to be around the corner.

			In 1875, Pénaud published a complete theory of soaring flight that, according to his perception, was only possible because rising currents of air counteracted the downward glide of the bird under the attraction of gravity. He had already remarked on this in an article published in 1871 dealing with the possibility of human flight without power. Soaring was, like the flight of the kite, flying by the power of the sun.

			At a Société meeting on 3 December 1875 Pénaud declared: “We know the true theory of flight, the demonstration of it has been done. We have now only to replace the elastics by heat engines of sufficient power and capable of continuous action.”

			Pénaud worked hard during the year to arrive at the specifications for a great man-carrying aeroplane. Several sketches of modern-looking aircraft have survived though the definitive choice, for which a patent was applied and granted, was a kind of flying wing, a step away from the planophore concept. He was probably anxious to cover as great a wing area as possible and fought shy of the construction problems related to wings of high aspect ratio.

			Pénaud’s patent (No. 111,574) of 16 February 1876, applied for in his name and that of Paul Gauchot (a mechanically minded enthusiast with whom he had become friendly) is generally regarded as describing a typical aeroplane but when the patent is analysed carefully it is clear that what Pénaud had been striving for was a patent for “The Aeroplane” in generic terms.

			What is amazing about this patent is the great amount of modern details. It contained two propellers in front, a retractable undercarriage, a cockpit with windshield for the pilot, a simple steering device for control, a vertical fin and rudder at the rear, variable-pitch propellers and much more.

			A provision was included for movable wing tips that “by their resistance to the air would make the apparatus turn”. These were visualized as a kind of movable wingtip rudders, not in order to redress the aeroplane when starting an involuntary roll, as Boulton’s patent of 1868 had specified.

			Taking off was to be effected by accelerating over the ground and landing was to be in the manner generally used today. He had also been careful to specify that the construction should be of wood or of metal and on the whole tried not to overlook any detail.

			Full attention was given to the powerplant, making sure that no existing engine could be used without falling under the specifications of the patent. All the types of steam engine were mentioned and also “all the engines working with gas explosions known today; specially those working with a mixture of air and gas” nor was the use of engines working with a liquid fuel forgotten. One is left wondering how many aircraft builders today would fall under Pénaud’s patent if it were still valid. But the legal year for expiry was 1891 and at that date there were still no aeroplanes flying anywhere.
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			The Powerplant Takes Shape

			In an article published towards the end of 1876, Pénaud stated his belief that sooner or later science would succeed “in creating the light engines that the solution of the problems related to aviation is clamouring for”. It was already 70 years after Cayley had similarly stated his belief that a light power plant could be developed, but there was a sense by 1876 that things were beginning to move towards an effective solution.

			In Philadelphia, during the Exhibition held to celebrate the first centennial of the Independence of the United States, George Brayton showed his new hydrocarbon engine that used preliminary compression and liquid fuel. Brayton’s engine ran smoothly, started easily and seemed to be a great improvement over the old Lenoir engines.

			The French engineer Eugène Farcot went to Philadelphia and wrote in a letter to Hureau de Villeneuve: “I have found an engine. Is it the engine of the future for aerial navigation? I don’t know but it is nearing the ideal you set out in 1868.”

			As it happened, Brayton had come too late because the real “engine of the future” was already up and running.

			From the outset of the use of lighting gas, engine builders had felt that a preliminary compression of the inflammable mixture would increase power ratings manifold, but the question of how to do this had remained unsolved? Brayton had cleverly solved the problem by his separate compressed-air reservoir, but he had been forced to introduce a second cylinder and piston to compress the air, adding weight and mechanical complication.

			Around 1861, a French engineer, Alphonse Beau de Rochas had come up with on an ingenious idea. To lose a full cycle in the power-producing process by using the working cylinder during a complete revolution of the crankshaft solely for aspiration and compression of the mixture without doing any useful work. It was a clear case of one step back to take two steps forward.

			Beau de Rochas never built an engine to test his speculations but the German Nikolaus Otto did, possibly unaware of the Frenchman’s ideas of 15 years before. He did so to such good effect that in May 1876 the first four-stroke internal combustion engine was running and Otto was granted a master patent (DRP No. 532).

			Otto’s patent included a system for stratification of the explosive charge which proved to be useless, but the four-stroke cycle remained and earned him and his firm a fortune in royalties until 1882.

			Brayton’s engine inspired George Selden, a clever patent attorney who became convinced that the Brayton-powered automobile was at hand. By deferring the definitive grant of his patent until the 1890s he obtained a master patent on the automobile that would also earn him a small fortune.

			The year 1876 can be considered as the year of the great master patents. Pénaud’s aeroplane, Otto’s four-stroke cycle and Selden’s automobile. Selden’s deferments were eventually stymied because Brayton came too late with his new two-stroke system with the result that Selden was too early with his patent, which did not include the four-stroke cycle, leading to him being eventually defeated on that account. But one cannot anticipate everything.

		


		
			Pénaud’s Tragic End

			The story of Pénaud’s subsequent efforts on behalf of dynamic flight is a sad one. He became increasingly detached from his colleagues in the Société de Navigation Aérienne and in 1876 resigned from his position as archivist and from the committee, resigning altogether in 1879. His successes with his flying models, his talents and his force of mind had evoked jealousy rather than admiration, a not uncommon occurrence in the history of mankind. He became bitter, quarrelled with his family and his health became further impaired.

			Pénaud was left with only the hope of bringing his aeroplane project to fruition. For that he needed help and money but instead he found himself sliding into the situation similar to the one that he had perceptively ascribed to Sir George Cayley. He, too, was not understood, and was neither encouraged nor helped although fortunately his inspirational ideas were not forgotten entirely.

			He thought he had found a man who could help him and began to keep company with Henry Giffard, who in 1852 had been the first person to design and fly a steam-powered dirigible airship. In the course of his experiments Giffard had developed and patented a water-injector for steam generators. His injector was a success and enabled him to amass a fortune. Here was just the man, thought Pénaud, someone rich and aeronautically minded who would be able to assist him with his projects.

			But Giffard had become a lonely, ill misanthrope, and moreover, the times appeared to favour the airship for which Giffard had more sympathy and which had made him famous. Pénaud, in desperation, became more and more insistent, with the inevitable result that Giffard closed his door to him.

			This, to Pénaud, was the end. He put all his aeroplane projects and manuscripts into a little coffer in the form of a casket, added a note that eight days later he would be dead and delivered the funereal package at Giffard’s home.

			There was no reaction from Giffard and eight days later, on 22 October 1880, Pénaud shot himself in a fit of acute depression. This tragedy triggered another, because Giffard, possibly feeling himself partly responsible for Pénaud’s death, withdrew even further from the outside world, eventually committing suicide by inhaling chloroform.

		


		
			Victor Tatin takes over

			Before he left this world, Pénaud had at least attracted an admirer and fervent disciple in the person of Victor Tatin, a talented young jeweller who had started his aeronautical activities by joining the confraternity of flapping-wing experimenters.

			His first product was a little jewel of a bird, as befitted his trade. It weighed only 5.15 grams and was ready in mid-1874, but at its first public showing, during a lecture by Pénaud, it broke before it could fly.

			He persisted along these lines for another three years, making bigger and bigger birds until he realized that flapping-wing flight would take him nowhere and he bowed to the evidence. He went over completely to Pénaud’s ideas of fixed-wing machines and in 1878 and 1879 built a model monoplane, aided by the intervention of Professor Marey, who found a backer willing to invest 1,500 francs to support this aviation initiative.

			This was the first fixed-wing aeroplane built after Pénaud’s little planophores and it was a much more ambitious undertaking. Its total weight was 3.85 lbs and with wings of 8 sq ft, the wing loading was 0.48 lb/sq ft, still fairly low. It was powered by a piston engine driven by compressed air and two contra-rotating propellers were placed in front of the wing.

			Tethered to a pole in the park of the official aeronautical establishment of Chalais-Meudon, it could progress only around a circular track. When the motor was started the machine accelerated rapidly and when it reached a speed of 8 m/s (18 mph) the plane rose. But the results were not sufficient to induce the backer to invest more money.

			Much time was then lost in finding another backer. One eventually materialized in the person of Charles Richet, who advanced 20,000 francs. This allowed Tatin to build a bigger model, powered by steam and weighing 33 kg (73 lbs). The wings covered 8 sq m (86 sq ft) so that the wing loading rose to 0.85 lb/sq ft and take-off speed rose appreciably. But the steam engine developed around 1 hp, and this appeared to be sufficient.

			The propellers worked in tandem, one at the front and one at the rear of the body. They ran in opposite directions so as to avoid any upsetting torque.

			The decision was taken to test the aeroplane over water, and the first experiment was undertaken in 1890 at Sainte Adresse on the Mediterranean coast. The plane started from a ramp before continuing on a horizontal path until flying speed was achieved. At 18 m/s (40 mph) the plane duly rose, but after a flight of about 60 m (300 ft) a construction defect caused it to crash on the rocks beneath the cliffs that formed the coastline.
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			The plane was completely destroyed, but after much time and trouble it was eventually rebuilt. A second test was undertaken in 1896 at Carqueiranne, also on the coast, the engine giving about 25% more power.

			This time the Pénaud tail was not adjusted properly and after a flight of about 220 ft., it started to climb, stalled and fell into the sea. It was recovered and repaired and a third test was held in June 1897, but again, after a flight of 440 ft., the plane stalled due to a defect in balance and the succeeding crash ended the experiments.

			Meanwhile, Professor Langley had obtained better results in the United States and Richet decided to halt further work. Had Tatin been able to continue he would no doubt have succeeded in adjusting his plane for satisfactory flights, but it was not to be.

			When the experiments with full-size machines began, some ten years later, Tatin was around with advice and counsel, he wrote numerous articles and was probably instrumental in convincing several pioneers not to ignore Pénaud’s teachings at a time when another mode of flying had become preponderant.

			The evolution towards a practical aeroplane, which was started by Cayley and continued by Pénaud, was leading towards a stable and controllable flying machine that would be able to carry heavy loads over great distances at high speeds. In 1880, at the time of Pénaud’s death, it appeared that most of the problems had been solved and that the only impediment towards the final take-off was the powerplant, which was also felt to be within reach.
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			The Birdmen Join the Fray

			Yet, after Pénaud’s death, the search for a way to achieve human flight took a new direction. This new avenue development aroused great interest partly because it turned the old beliefs, which had hitherto hampered progress, on their head.

			The old way of thinking maintained that it would be extremely difficult for man ever to achieve flight because the necessary power, as calculated by Borelli, Newton, Navier and others, seemed excessively high. Now, after keenly observing the flight of some bird species, it was argued that flight would become possible without power and indeed, as there was still no engine available, it was this new school that was finally to achieve the first human flight in history.

			The idea of flight without an engine harked back to a first, rather extraordinary, proposal made by Ferdinand Charles Honoré Philippe d’Esterno, Count d’Esterno. He was a gentleman of means who had studied the flight of birds on his own, and had subsequently published the results of his observations in a pamphlet that appeared in 1864 with the simple title Du vol des oiseaux (On the Flight of Birds).

			D’Esterno clearly set out the credo of those who wanted to emulate the effortless flight of some large birds when he stated that he could not understand what there was to “invent” in aeronautics “because flight had been known and practised since the creation of the world by thousands of millions of winged creatures”.

			From these thousands of millions, d’Esterno immediately discarded all but the very biggest soaring birds, mentioning the condor and the albatross as the examples that should be followed. Both these bird species had been observed to cover large distances in flight without once flapping their wings or exerting any other apparent effort and these two large birds were indeed to become the archetypes of ideal human flight for this new school of aeronautical devotees.

			D’Esterno and many more after him were convinced that other ways of achieving flight would be found and that the power needed would come from the wind, a statement that was thought to be self-evident. “We can derive from the wind, when it blows, an unlimited power and thus dispense with any artificial motor.”

			The difficulty in this proposition lay in that it was based on a fallacy. Newton’s third law of motion states that no action can be effected when there is no reaction opposing it. The wind can indeed develop considerable force; it can uproot trees and lift roofs from buildings, but it can do so only because trees are firmly anchored to the ground and roofs to the buildings. The wind also lifts a kite, as long as the kite is fixed to the ground by a line, and we have already noted how, by inverting this action, a few great minds visualized the theory of aeroplane flight; the reaction of the line had to become action (power) and the action of the wind (air on the move) had to become the reaction of the air upon the moving wing.

			The reality that eluded several of the searchers in the quest for soaring or powerless flight is that the air which supports the moving aeroplane wings cannot at the same time provide the power to move it. It was as one scientist in the nineteenth century saw it, “as if one expected that an inert body thrown into a river could find in the movement of the water a force capable of making it float upstream”. It was, in fact, another version of the age-old search for the “perpetuum mobile”.

			What, then, was the force that kept those birds from tumbling down to earth? Pénaud with his keen intellect found the solution and in a masterly article published in L’Aéronaute of March 1875 he explained that only ascending currents of air could arrest the inexorable downward movement of a bird that was soaring and when the bird was in reality falling, a rising current of air converted this into a flight that appeared to be horizontal. Soaring birds were able to follow a horizontal flightpath when the force of gravity was balanced by the force of the sun, the same sun that is responsible of all our sources of energy, excepting gravity. Pénaud’s explanation had already been anticipated by de Louvrié in 1866 and by others before him but many were the pioneers between 1880 and 1910 who expounded their own pet theory for explaining soaring flight. Some of them travelled to distant places in the world in order to observe the seemingly effortless flight of the majestic birds of prey. The fact that soaring was mostly achieved over deserts or near mountains should have given them a clue, as well as the circumstance that these birds only began their slow flight when the sun was overhead and that no soaring was done at night.

			One fact that d’Esterno clearly realized was that the wings of a soaring machine had to be as efficient as those of the birds he wanted to imitate, and he introduced one of the first proposals for the use of curved wings.

			It was equally obvious that to fly with the power of the wind entailed certain restrictions and complications. One restriction was that of size. A powerless machine evidently had to abandon all pretensions of ever becoming what Sir George Cayley had visualized as a “vehicle able to transport ourselves and our goods and chattels” as the modern airliner indeed has become. But d’Esterno was bold enough to envisage his soaring machine as an instrument of war able to observe, carry messages and even drop bombs, and he went so far as to state that there were no weight limits to a machine using air currents, but here reality has proved him to be mistaken.

			But an even greater complication, when proposing to ride the winds, was that air as a supporting medium is never as steady as a ground track and that steering and balancing such a flying machine would call for a great amount of skill on the part of the pilot and very sophisticated means for controlling the machine itself because it had also been observed that soaring birds appeared to fly with immobile wings but that the wingtips and the tail were continually flexing from one position to another.

			De Louvrié, having described the movements of soaring birds, had to admit that it was very like a tightrope walker, and it would need a great deal of acrobatic ability to achieve bird-like soaring, and this was indeed to prove the insurmountable obstacle to flying all those unstable, manually balanced machines of this new school of flight.

			D’Esterno was fully aware of the need for a great deal of control and, as an annex to his booklet, he added drawings of a possible soaring machine weighing 330 lbs with a wing surface of 215 sq ft. Means for obtaining stability by fixed surfaces, either horizontal or vertical, were conspicuously absent, but movable surfaces were shown in profusion. The wings were stated to move up and down, to slide forward and backward and they also had to be warped for diagonal (turning) movements. This was the first appearance of a provision for wing-warping in aviation history.

			A further complication was that the wings were hinged at both sides of the body and that each wing was supposed to adopt all the controlling movements independently from the wing on the other side. A tail was also added, and this was supposed to be able to effect the same movements, including twisting, that were attributed to the wings. Added to this, the pilot was seated but was supposed to be able to move his body around for a yet finer adjustment of balance, so it would appear that steering such a machine was certainly not a feat within the ability of any normal mortal endowed with only two hands and two feet.

			D’Esterno also patented his machine but neither the essay nor the patent gave any clue as to how all the different movement of the wings and the tail had to be worked and in his patent he provided “no more than a set of drums elaborately interconnected by ropes”, as Magoun and Hodgins described it in their comprehensive A History of Aircraft (p. 203), first published in 1931. 

			D’Esterno never built his machine and we do not know how many would-be birdmen were inspired by him, but we do know that one soaring machine was actually built around 1867 by Joseph Le Bris, a sailor and sea-captain who was inspired by the albatross. The records show that Le Bris really designed a flapping-wing model in 1857 and later a helicopter project but they were both unsuccessful. It seems likely that Le Bris was inspired by d’Esterno’s pamphlet to build a machine like the one d’Esterno had proposed in 1864. The similarity lay in the fact that curved wings of an identical 215 sq ft surface were used and that the tail could  affect movements like those in d’Esterno’s project. According to his biographer, Le Bris was able to effect all the complicated steering movements by standing upright, his hands on the different levers and cords that moved the wings and his feet on a pedal that worked the tail.

			It has been stated that Le Bris really did fly his contraption and that he was able to soar upwards after taking off from a cart when the horse had been urged to full speed. The story further relates that Le Bris was just preparing for an extended soaring flight when he became aware of cries of anguish from below and saw that the driver of the cart had become entangled in the rope. The driver was also flying, even if much against his will. This doubling of useful load did not apparently affect the flying characteristics of Le Bris’ untried and unpowered soaring machine, which is enough to arouse our admiration. But when the tale continues by stating that Le Bris was able to deposit the unlucky cart-driver gently on earth, and afterwards to land unhurt himself, our admiration turns into amazement and, by using a normal amount of critical judgement, ends in disbelief because all this sounds fanciful in the extreme.

			When we then learn that nobody in 1867 (let alone in 1856 as has been stated) ever mentioned Le Bris’ flight and that it was made known for the first time in 1878 by de La Landelle as a part of a novel with the striking but unaeronautical title of Les Grandes Amours, we are inexorably led to the conclusion that Le Bris’ flight of 1867 was a figment of the novelist’s imagination.3

			A photograph taken in 1867 of Le Bris’ soaring glider (complete with cart) was exhibited by de La Landelle in July 1883 at the Aeronautical Exhibition of the Trocadéro in Paris. It was one of the big attractions at this Exhibition and has since been published several times in many aviation history books. One interesting consequence was that d’Esterno, who was by then an old man, was urged during that year to use some of his money to build the craft he had designed in 1864. He seems to have accepted the challenge, and arrangements were made with Claude Jobert, a mechanic who had built a rubber-band powered ornithopter prototype in 1871, and had himself proposed a model for an experimental construction along these lines in 1882, but d’Esterno died soon afterwards and the matter was dropped.
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					3. In a later book, de La Landelle explained that he had received the information from Le Bris’s neighbours, which does not make the story more credible.

				

			

		


		
			L. P. Mouillard

			A few months after Pénaud had sent his resignation to the Société Française de Navigation Aérienne, they received a letter from Louis Pierre Mouillard who explained that in the flight of a flapping bird its tail was of no use. This was a rather unusual statement and Mouillard ended his letter by stating: “If I were rich, I would like to solve the aerial problem in three years.”

			Mouillard had become a fanatical devotee of soaring flight as achieved by the big birds of prey, which he had studied first in Algeria and later in Egypt, where he worked in Cairo. During his stay in these subtropical countries he had assigned himself the formidable task of analysing, measuring and describing all the birds he could lay his hands on and had finally come to the same conclusion as d’Esterno, that man would be able to fly with the power of the wind.

			In 1881, Mouillard published a remarkable book with the suggestive title of L’Empire de l’air, that caused quite a stir because his belief in the possibility of soaring flight was strongly expressed: “Ascension is the result of the skilful use of the power of the wind and no other force is required.”

			Hureau de Villeneuve wrote a long appraisal of Mouillard’s book in the October 1881 issue of L’Aéronaute, analysing the concept of soaring flight which had baffled so many researchers. In his review he rejected Pénaud’s theories that explained soaring flight by “so-called” rising currents which Pénaud “supposed” to exist in the atmosphere.

			Like Mouillard, Hureau de Villeneuve found Pénaud’s interpretation unacceptable and he gave two reasons for his inability to agree with Pénaud. The first was that, if these thermals existed, all objects — not only birds — would go up, and the second was that if these rising currents really existed, birds would presumably be able to soar but would not be able to come down again when they wanted to.

			Continuing his analysis of Mouillard’s book, Hureau de Villeneuve stated that a soaring bird was nothing but a kite in which the line was replaced by a “continuous displacement of the centre of gravity” which was the result of “a great instinctive skill on the part of those birds”.

			These premises were nonsensical and, coming as they did from the president of the French aeronautical society, they may give us an inkling of why Pénaud at times had great difficulty in keeping an even temper when discussing aeronautics with his colleagues at the society meetings.

			It is difficult to assess the real importance of Mouillard’s ideas. His book was very well received on publication, and he certainly inspired several pioneers who worked during the last decade of the nineteenth century. His influence extended to the United States just at the crucial moment when human flight was nearing its realization.

			But in the light of our present knowledge, his influence, oriented as it was in opposition to Pénaud’s theories, can hardly be termed to have been positive.
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			Further Progress on the Powerplant

			Whilst a new school of pioneers were beginning to dream of flight without power, the aircraft engine was progressing with giant strides.

			The German engineer Nikolaus Otto’s success in making a smooth-running four-stroke engine has been discussed above. The Otto engine was much too heavy to serve on aircraft, which needed a powerplant along the lines of Ponton d’Amécourt memorable words of 1864: “What is needed for the conquest of the air is a horse in a watch-case”.

			Jules Armengaud, an eminent engineer of that time, discussing the new Otto engine in the January 1878 issue of L’Aéronaute arrived at the conclusion that in order to become light, gas engines would have to reach a high rate of revolutions. It was a perfectly logical conclusion and the way towards the high-speed engine was opened shortly afterwards by Gottlieb Daimler, a manager of the Deutz Company.

			Daimler was a fiery character continually at loggerheads with his colleague Nikolaus Otto and for that reason he had seen his contract with Deutz repealed in June 1882.

			Daimler lost no time in persuading another first class engineer, Wilhelm Maybach, to leave Deutz as well, and together they worked out a way to create a small high-speed four-stroke engine and actually had one running at 600 rpm by the end of 1883.

			The first little Daimler engines weighed less than 100 kg per hp and the possibility of using them for road vehicles was at once considered. They were not yet horses in a watch-case, but that ideal was nearer. In 1885 a motorcycle was built, followed by a car in 1886, as every student of automotive history knows.

			Finally, in 1888 after a fruitless approach to the Prussian Airship Battalion, Daimler was able to sell the first aerial engine to work with internal combustion to Karl Woelfert, a Leipzig bookseller and aeronautical fanatic, who installed a 2 hp Daimler engine in a dirigible balloon. The first attempt was a failure because the airship did not rise nor was it dirigible, but a first attempt had been made.

		


		
			The Dirigible Parachute

			1884 was another important year in the evolution towards the conquest of the air. The early 1880s had seen a renewed interest in soaring flight and in 1883 de La Landelle, the indefatigable aeronautical visionary who had coined the word “aviation”, indicated that the “experimental study of aero-dynamics (l’aéro-dynamique) would constitute a new science” as indeed it did and still does.

			In 1884, de La Landelle proposed yet another variant among the possibilities of achieving human flight. The classical concept had been to accelerate a winged vehicle by using a mechanical powerplant until flying speed was reached, but the powerplant was long in coming. Then it appeared that the power of the wind would provide the solution and this led to the theories about soaring flight that were being debated at that time.

			What de La Landelle now suggested was the use of gravity as a source of power. Flight had always been considered as the conquest of gravity and now gravity was proposed as a means to conquer itself, as it were. The concept seemed a bit outlandish but de La Landelle was right because soaring uses gravity as the primary source of power.

			In an article in L’Aéronaute of July 1884, de La Landelle pointed to the parachute — a very old concept which had already been studied by Leonardo da Vinci — that could be used for flying experiments. He referred to the already functional parachute Garnerin had used in 1797 and which Garnerin’s niece Elisa had learned to manipulate in such a way that she could direct its descent and, as de La Landelle explained, had thereby turned her parachute into a glider. “Together with the kite” wrote de La Landelle, “the instrument that the aviation school should study can be condensed into two words, ‘dirigible parachute’.”

			De La Landelle envisaged a sort of combination of kite and parachute, which meant a kind of weighted kite like the one Cayley had already experimented with. De La Landelle thought that, by using a dirigible parachute, a simple way could be found to control a glider in flight. This was not at all a foolish idea; it was taken up in earnest five years later and led to the first flying experiments with full-sized machines.

			A second pioneer to come up with a new proposal was de Louvrié, who in 1866 had already indicated his belief in the possibility of fixed-wing flight and was now thinking about wheeled undercarriages, large airfields and a low frontal area of the body to reduce drag.

			In May 1884 he published an article describing a soaring glider with an articulated tail that, in his opinion, would stabilize the glider’s flightpath. He still believed in the power of the wind as a propelling force but otherwise his ideas were following correct lines.

			Meanwhile in England a newcomer, Horatio Phillips, applied for patents on a whole series of curved wing-shapes on which he had done actual experiments in “artificial currents of air”, a precursor of the modern wind tunnel. He had found that a suitably curved wing could lift twice as much as a flat surface, hence his patent applications. Later (in 1890) he patented an aeroplane that was to use a series of superposed curved wings in the manner of the venetian blind. A small model, fitted with forty of the specified wings totalling 136 sq ft and powered by a steam engine of 200 lbs, was tethered to a central pole and driven along a circular track, just as Tatin had done in 1879.

			In May 1893 Phillips’ model aeroplane was tested, but the total weight of the apparatus amounted to 330 lbs and the engine was obviously not powerful enough, so that a complete take-off was not achieved in spite of the efficient wing-shapes.

		


		
			Alexandre Goupil

			One of the most able pioneers of that year was Alexandre Goupil. In an article published in July he too referred to the theme of the dirigible parachute. He stated that, contrary to some preconceived ideas, an aeroplane, when the engine stopped or failed, would not fall but would turn into a dirigible parachute. This is perfectly true, because aeroplanes, if they do not break up in the air, do not fall and if the engine fails, gravity takes over and the aeroplane becomes a glider as long as the pilot is able to control the descent by maintaining a flying speed above the minimum necessary for sustentation.

			Goupil had gone thoroughly into the study of the fixed-wing aeroplane. He had experimented with a sort of kite weighing 50 kg (110 lbs) with a surface of 290 sq ft held against a wind of 6 m/s (14 mph) at an angle of 10 degrees, this kite was able to lift two men but at greater wind-speed the apparatus became uncontrollable and broke up.

			Goupil had studied Mouillard’s book and was confident that the problems relating to human flight could be solved. But he was convinced that some form of mechanical power was needed and he designed a light steam engine which was calculated to develop 15 hp for a weight of 638 lbs.

			The results of his studies and observations were condensed into a small book entitled La Locomotion aérienne, published in 1884, which is remarkable for the many solutions it provided to the difficulties that continued to beset the flight of a practical aeroplane.

			In his book Goupil formulated a theory of flight and arrived at the same conclusions as Phillips, that a curved wing was the most efficient shape. He also explained that lift was obtained by the rarefaction of air above the wing, more than by the pressure built up under the wing. But whereas Philips’ conclusions were the result of experimental work, those of Goupil, like those of many French scientists, were based on mathematical theories.

			It was clear to Goupil that fixed-wing aeroplanes would need large fields “devoid of trees” because the angle of climb after take-off would be small; and an aeroplane would have to take off heading into the wind. All this was close to the realities of human flight and nobody will argue about the need for large airfields today.

			Goupil’s aeroplane project was to be made laterally stable by a dihedral angle of the wing, as Cayley had already proposed, but due to the influence of Mouillard, no attention was paid to longitudinal stability as envisaged by Pénaud. At the rear there was a horizontal tail that could be moved up and down by the pilot, more for adjusting balance in flight than for control, and there was also a vertical rudder for steering to the left or right.

			For the maintenance of equilibrium in flight, Goupil had envisaged an extraordinary mechanism which he called a régulateur. This consisted of two vanes placed on outriggers at some distance from the body to the left and to the right and which could be moved in opposition to each other in order to re-establish the lateral position of the aeroplane if this, for any cause, were to become upset by an involuntary rolling movement. These vanes thus served as ailerons that were similar to those described by Boulton in his patent of 1868 and one is tempted to look for some relation between one and the other but it is hardly likely that a French engineer in 1884 would have reviewed all the English patents of 15 years before.

			Apart from their aileron effect, these vanes could also move in conjunction and served as elevons to act on the longitudinal position in flight. The régulateur was actuated by a heavy pendulum that worked in conjunction or in opposition and therefore served as a system for automatically maintaining balance during flight.

			Goupil’s essay ended with the statement that flying machines would be cumbersome as well as difficult to shelter and to garage but that these difficulties would probably not stop the coming of the fixed-wing aeroplane, and he has proved to be right.

		


		
			Lawrence Hargrave

			Another important aeronautical event that took place in August of 1884 was the publication of the first of a long series of papers by Lawrence Hargrave, a keen and original researcher who lived in Australia. He had just started a study of aeronautics that would lead to several practical and important discoveries; it is interesting to note here that Hargrave and Goupil would both 21 years later be instrumental in saving the first French flying pioneers from continuing along a mistaken path resulting from serious errors of conception.

			Hargrave was convinced that only international cooperation could lead to worthwhile results and he always resolutely refused to take out patents on any of his numerous discoveries. In a letter he later wrote to Chanute, he stated his beliefs as follows: “Workers must root out the idea that by keeping the results of their labours to themselves, a fortune will be assured to them ... The flying machine of the future like everything else ... must be evolved gradually. The first difficulty is to get a thing that will fly at all. When this is made, a full description should be published as an aid to others.” These were wise and true words which, had they been heeded, would have prevented many a personal tragedy among the hardworking searchers after the heavier-than-air machine and the internal combustion engine.

			[image: ]

		


		
			1883 to 1889: Advent of the Powerplant

			Hitherto the progress towards the aeroplane had been mainly on the theoretical and ideal plane. Many projects and hypotheses had been disclosed and a few model aeroplanes had flown, but 1884 witnessed the great advance of the lighter-than-air ship when Commandant Charles Renard and A. C. Krebs’ dirigible “La France”, built with government funds by the official Aeronautical Institute at Chalais-Meudon, left its shed on 9 August, made a closed-circuit flight and returned to its base. This flight was followed by several more and the airship thereby entered the field of practical application and all eyes now turned towards lighter-than-air flight as possibly a better way of achieving human conquest of the air.

			[image: ]

			The advent of the successful airship in France was seen by many supporters of heavier-than-air flight as a calamity and the result was that between 1885 and 1889 nothing of importance was achieved in France in the field of aviation. But this ideal was never long out of the minds of the pioneers and during the next decade there were steps towards the definitive triumph, mainly because of the advent of the light internal combustion engine, even though during these five years it was the steam engine that claimed the greatest advances.

			In 1883, Count de Dion, in collaboration with Georges Bouton and Charles Trépardoux, designed a light water-tube generator and engine which was used to power a light steam vehicle. Five years later the water-tube boiler, already proposed by Cayley in 1809, was taken to another level by Léon Serpollet who used extremely thin tubes, made possible by new techniques in tube-drawing. These thin tubes, when heated, caused the water they contained to evaporate instantly. It was the advent of the “flash steam generator” that made the very light steam engine possible and which very soon afterwards was used in full-size aeroplane experiments.

			If between 1884 and 1889 nothing of importance was achieved in furthering human flight with machines heavier than air, the following decade, the last of the nineteenth century, saw an impressive blossoming of ideas that for the first time evolved into attempts to build and test full-sized man-carrying flying apparatuses.

			Engines were now available that it was hoped would bring flight by mechanical means into the realm of the possible. There was also no shortage of soaring flight devotees and, because of the low power requirements and the possibilities of preliminary testing without an engine, these were the first to achieve free flight.

		

OEBPS/Images/11.png
D’Esterno’s Glider Project.





OEBPS/Images/9.png
Vietor Tatin
(1843-1913)





OEBPS/Images/8.png
| Mdeitpriin,. faniiparet

Pénaud’s model from patent drawings.





OEBPS/Images/4.png
Henson Aeroplane Project.





OEBPS/Images/foto_autor.jpg





OEBPS/Images/10.png
Victor Tatin’s Compressed Air powered aeroplane of 1879.





OEBPS/Images/7.png
e

Penaud’s twin-engine Project.





OEBPS/Images/3.png
Sir George Cayley
(1773-1857)





OEBPS/Images/2.png
The Rise
of the Flying Machine

From flapping wings to inherent stability





OEBPS/Images/14.png
Charles Renard
(1847-1905)





OEBPS/Images/6.png
Pénaud’s Planophore.





OEBPS/Images/12.png
Louis Pierre Mouillard
(1834-1897)





OEBPS/Images/13.png
Lawrence Hargrave
(1850-1915)





OEBPS/Images/3026_Portada.jpg
HUGO T. BYTTEBIER

THE RISE
OF THE FLYING
MACHINE

FROM FLAPPING WINGS
TO INHERENT STABILITY






OEBPS/Images/5.png
Alphonse Pénaud
(1850-1880)





