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			Dedication

			To the many, who designed, built and serviced the Rolls-Royce Merlin engine

		

		
			Introduction

			‘The Rolls-Royce Merlin was simply an astonishing engine. There have undoubtedly been aero engines that were better designed; it is possible but unlikely that there have been some that were better made; but beyond a shadow of a doubt there has never been another engine more thoroughly, continuously, aggressively, successfully and amazingly developed than the Merlin.’1

			The story of the aero engine is as rich and strange and wonderful as anything found in the science and art of the Renaissance. In just 50 years, driven by two world wars and intense national competition, piston engines increased from a couple of horsepower to several thousands. In so doing they realised the eternal dream of humanity: the surreal experience of flight.

			Far from the oily and inconvenient machines of popular imagination, these piston engines were dynamic sculptures of polished metal, designed using the intense application of physics, mathematics, metallurgy, chemistry and endless rigorous experimentation. The breakage of the tiniest part of many hundreds could lead to disaster and death. The failure of an engine design could lead to the loss of a war, because the Second World War above all others was decided through air power: all the decisive campaigns were won or lost by piston-engined fighters and bombers. The winner would be the side that could build the most powerful and reliable aero engines, and in this war the winner would take all.

			The children ran around the school playground, arms extended, machine-gun thumbs out, shooting down their opponents in mock dogfights. The Second World War was only 20 years distant and most of their fathers had served in the forces. There was a wartime RAF station on the hill. I was reading the Biggles books by then and the Spitfire was the magic name on everyone’s lips. The noises we were making, I now realise, were a childish imitation of the Merlin engine.

			Later, thanks to help from kindly adults, I became interested in repairing piston engines. I marvelled at the finely carved pieces of metal that I knew grew into weights of over a ton at high speed. I saw the consequences of engines that burst from too many revs or seized due to the lack of oil.

			Then one evening in the Peak District, many years later, I heard a distinctive drumming roar in the sky and, looking up, saw the elegant elliptical wings. It was a lone Spitfire heading home into the sunset after a day at a display somewhere in the South. I became curious. What was a Merlin engine? Why was it held in such esteem by aviation historians? Was it true that this was the engine that won the war? And had a wealthy woman really been behind both the engine and the aeroplane?

			The Rolls-Royce Merlin was the aero engine that powered the Supermarine Spitfire, the Hawker Hurricane, the de Havilland Mosquito and the Avro Lancaster bomber, the aircraft that together turned the tide of the Second World War.

			Eighty years ago, the distinctive roar of Derby-built Merlins was heard over the fields of southern England during the summer of 1940 as ‘the Few’ fought hordes of German aircraft during the Battle of Britain. Without such a powerful and reliable power unit at such a crucial time Britain would have lost the battle for the skies and the war could well have been won by the Axis powers.

			It nearly didn’t happen. At the last minute a wealthy benefactress, Lady Lucy Houston, had to provide the funds for the Rolls-Royce ‘R’ racing engine that sired the Merlin. Her money helped to nurture the new power unit. However, the Merlin had growing pains, being troublesome in its development and slow to come to maturity.

			This story of powered flight is a story of our species at its best and worst: human inventiveness versus intellectual theft; human persistence versus jealousy and duplicity; human patriotism and courage versus hatred and dogma.

		

		
			Chapter One

			Non est ad astra mollis e terris via –

			There is no easy way from the earth to the stars
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			The Langley ‘Aerodrome’ in flight – just. (Hulton Archive/Getty Images)

			

			As a child Albert Einstein was given a Russian toy steam train by a favourite uncle. Three years after winning the Nobel Prize for Physics he wrote to Caesar Koch to thank him once again. Einstein, the author of the theory of relativity, maintained that it was the steam engine that initiated his interest in science.

			Steam engines are easy to understand and easy to love, as Thomas the Tank Engine shows. Fuel, either alcohol in the case of Einstein’s toy or coal in a full-sized engine, is burned outside a water-filled boiler. This is external combustion. Steam is generated and tries to expand a thousandfold in volume. It passes through pipes and valves into a cylinder, where it pushes a piston down. The piston is connected by a rod to a crank which drives a wheel round, which drives the steam engine along. You can see the whole process going on, together with delightful smells of fuel, hot oil and smoke and the vision of an animate machine with long metal legs and pumping lungs.

			The brilliance of the invention of the internal combustion piston engine was that it dispensed with a man shovelling coal, the filthy firebox, the water, steam and heavy boiler, and instead burned petroleum fuel inside the cylinder. Everything else – pistons, connecting rods, crankshafts and flywheels – remained recognisably related to steam engines. Sadly though, these engines are hard to appreciate in the same way as steam. If you lift the engine cover of a car all you can see is an immobile cylinder block made of aluminium or cast iron, and all you can hear is the whirring and clicking of innumerable parts: valves, camshafts, pistons and crankshafts. It’s all going on inside. Drive or fly behind a piston engine, though, and listen to the operatic howl of many cylinders, and your soul may begin to be stirred by something beyond words.

			The story of the piston aero engine is surely the most romantic story in engineering history. Heavier-than-air machines were dreamed of but literally could not take off until light and powerful internal combustion engines were built. Steam engines were simply too heavy.

			Mankind had always dreamed of flight. And made up stories about flight. According to the scholar Ben Sherira, flying carpets were issued to readers in the ancient library of Alexandria (c. 283 BCE) in exchange for their slippers. Reclined on their carpet, students were able to reach the highest shelves and hovered near the ceiling, engrossed in their studies. Later, in the Baopuzi text (320 CE), the Chinese master Ge Hong described the principles of ascending into the vast inane: ‘some have made flying cars with wood from the inner part of a jujube tree, using ox or leather straps fastened to blades so as to set the machine in motion.’1 He seems to be describing a Jin dynasty helicopter.

			In around 559 the Emperor Wenxuan of Northern Qi decided to conduct experiments with flight. Volunteers failed to come forward, so prisoners were forced to leap off a tower attached to man-carrying kites. There was only one survivor, Yuan Huangtou of Ye, who successfully managed to glide over the city walls and land safely. He was later executed.2 In the eleventh century Eilmer of Malmesbury, an English Benedictine monk, attempted to emulate Daedalus of the Greek myth by attaching wings and leaping off a hill near the abbey. He flew for a furlong (200 metres), but crashed more like Icarus, breaking both legs, which rendered him lame for life. ‘I lacked a tail,’ he remarked ruefully later, showing that at least he had a grasp of aeronautics.3

			These stories make Leonardo da Vinci’s interest in flight seem rather late in the day. In 1485 he drew a man-powered rotor that could not have flown, as the body of the machine would have rotated in the opposite direction to the rotor. He drew other man-powered flying machines with flapping wings which are unlikely to have got very far. However, he also designed a hang glider which could have flown, and indeed flying examples have been built. But what Leonardo needed was more power, and he realised this. He didn’t know that what he really needed was a petrol engine, and he would probably have swapped a couple of dozen sketches for a really good lawnmower.

			Balloons were the first successful aircraft, and they relied on weighing less than the air they displaced, but they were large, delicate and slow, blown across the sky like tender elephants. Balloonists wanted to progress in their own choice of direction instead of that of the wind, so various methods of propulsion were tried. Human-powered flapping wings were employed in 1784 by the balloonist Jean-Pierre Blanchard who, helped by the wind, managed to cross the English Channel, flapping manfully and steering with a bird-like tail. In 1852 another Frenchman, Henri Giffard, combined a highly explosive hydrogen balloon with a disturbingly flammable steam engine, which proved able to perform limited manoeuvres but was not powerful enough to fly against the wind. This was clearly not the way to go.

			Countless attempts were made to build a heavier-than-air machine, but the mistake the inventors usually made was to try to copy the flapping motion of birds’ wings. One honourable exception was the Frenchman Alphonse Pénaud. He pioneered the use of rubber-band-powered model aircraft with fixed wings and a propeller rather like the children’s toys available today. His model aeroplane of 1871, which he called the Planophore, was the first aerodynamically stable flying model. Poor Pénaud tried to attract interest and funds for a full-sized machine, but failed. He committed suicide in despair, aged just 30.

			The immortal Robert Hooke, inventor of the sash window and theorist of springs, realised that manpower was insufficient and built a spring-powered winged ornithopter. The flapping wings theme was pursued by the inventive Frenchman Gustave Trouvé, whose model of 1890 flew for 80 metres in a demonstration for the French Academy of Sciences. His wings were flapped by gunpowder in cartridges exploding in sequence. We can only be grateful that his style of flight did not catch on. Someone had to apply some proper science.

			At last someone did exactly that: the Yorkshireman Sir George Cayley (1773–1857).4 He observed the soaring flight of seagulls and realised that it was the angle and shape of the wings that produced lift. Flapping produced propulsion, not lift. This was a moment of epiphany, similar to the inspirational moment that produced the wheel axle, the screw-thread or the lever.

			Cayley then described four paired forces acting upon a flying machine: weight and lift, thrust and drag. He had a silver disc engraved with a design for an aircraft, with the four forces engraved on the reverse side of it. He decided that fixed-wing flight was easier to achieve than trying to imitate the flapping wings of birds, and that cambered wings set at an angle to the wind would provide lift. He realised the importance of the dihedral angle: the upwards tilt of aircraft wings that provides stability. He also predicted that sustained flight would not be achieved until a lightweight source of power could be invented to provide thrust and lift. And he even attempted to invent a suitable internal combustion engine.

			Cayley didn’t know that in 1806 two French brothers, Nicéphore and Claude Niépce, had made what was probably the world’s first internal combustion engine, which they called the Pyréolophore. Bizarrely, it was fuelled by lycopodium powder (dried spores of the lycopodium clubmoss plant) and coal dust. It worked rather like a toy steam pop-pop boat but would only operate in water. The brothers’ patent was signed by Emperor Napoleon Bonaparte, but the brothers failed to capitalise on their engine. Claude moved to Kew, London, to spend all the family fortune on trying to sell the Pyréolophore and descended into delirium, and his brother got on with inventing photography.

			Cayley wrote a treatise entitled On Aerial Navigation and continued his experiments. In the pursuit of lightness for his aircraft he reinvented the wheel: wire-spoked wheels, which suspend the load from wires in tension rather than using heavy wooden spokes in compression. His wheels are still in use today on bicycles. He realised that he lacked a suitable source of power and tried to build internal combustion engines running on gunpowder or hot air, but the technology still eluded him.

			Finally, at the age of 75, Sir George and his helpers at Wydale Hall flew a full-sized glider across Brompton Dale in 1853. According to one author the pilot was his ten-year-old grandson George. So a boy could well have been the first person to be carried by a modern fixed-wing heavier-than-air flying machine.

			Sir George Cayley was one of the most important pioneers of flight, and was the first to take a truly scientific approach to the study of aeronautics. He really deserves his title of ‘father of aeronautics’. If he’d only had a suitable lightweight engine the world’s first pilot-controlled powered flight could have taken place over the moors of North Yorkshire in the middle of the nineteenth century.

			Then in 1876, after the efforts of dozens of engineers and scientists, a viable internal combustion piston engine finally arrived. This engine had been developed by a Belgian, Jean Joseph Étienne Lenoir, but his machine was heavy and inefficient, as it followed the old steam engines in its design. Running on lighting gas, it produced only 2 horsepower for 18 litres of cylinder capacity. This design was then considerably improved by the German Nikolaus Otto, who perfected a way of compressing air and fuel and igniting it to provide power using four distinct strokes of the piston. This was the inventive step that made powered flight possible.

			The way an Otto-cycle four-stroke petrol engine works is the same in a Merlin or a modern car engine (my apologies to those readers who already know this). A piston, which looks like a soup can with one end removed, slides up and down a tube or cylinder. The piston is connected to a rod called, unsurprisingly, a connecting rod. This is attached to a crankshaft so that the piston sliding up and down pushes the crankshaft around rather as a cyclist’s leg pushes a pedal crank around. The crankshaft can be connected to car wheels or to an airscrew propeller.

			Above the piston is where the magic of internal combustion takes place. The top of the cylinder is closed but is provided with an inlet ‘poppet’ valve to let in a mixture of air and fuel as the piston descends on the first, or inlet, stroke. This valve then closes when the piston reaches the bottom and starts up again on the second, or compression stroke. The gaseous mixture of air and fuel is now squeezed tightly and is highly explosive. At the top of the compression stroke a sparking plug ignites the mixture and it duly explodes. The piston is now pushed down on its third stroke, the power stroke. On its way back up an exhaust valve opens, and the hot gas is forced out by the ascending piston on the fourth, exhaust, stroke.* Just think ‘suck, squeeze, bang, blow’.

			Otto’s inventive step was to manage these four distinct phases inside a cylinder with a piston travelling up and down, and he did this by arranging the valves to open at specific times during two revolutions of the crankshaft, or four strokes of the piston. This was done by using a camshaft, which looks something like a knobbly stick, to push the valves open with oval-shaped lobes. By making the camshaft rotate only once for every two rotations of the crankshaft the valves open at the correct times.

			Now speed the whole engine up to make more power. A modern 1-litre car engine can run its crankshaft at 6,000 revolutions per minute (rpm), which means that it rotates 100 times in a second. So a piston is going down, stopping, reversing direction and going up again 200 times a second, and the four Otto cycles are happening in milliseconds. A typical car piston weighs around 0.3 kilograms at rest, but when changing direction at 6,000 rpm it would effectively ‘weigh’ 900 kilograms! That’s as much as a car. No wonder pistons are made of immensely strong and light aluminium alloy. A 27-litre Rolls-Royce Merlin revolves at only 3,000 rpm, but even then the load on the crankshaft main bearings is around nine tonnes – the weight of a bus.

			Virtually all petrol and diesel engines share the same kinds of pistons, cylinders and valves. There may be as many as 36 cylinders in various configurations, and the Merlin and most modern cars have two inlet valves and two exhaust valves per cylinder. A typical car engine will have four cylinders in a row above the crankshaft, but a rotary aero engine has the cylinders and propeller whirling around a stationary crankshaft. A radial aero engine has stationary cylinders arranged in a star shape, with a rotating crankshaft driving the propeller. And the Rolls-Royce Merlin had 12 cylinders arranged in two rows of six sharing one crankshaft: a V12 configuration. There are advantages and disadvantages for all these formats.

			A word about horsepower. This is a much-abused measure of the power of an engine, originally invented by the Scottish engineer James Watt in the late eighteenth century to compare the power of mine horses with his steam engines. So does one horse produce one horsepower? Well, no. The maximum power of a horse has been measured at 14.9 horsepower for a few seconds, and as for humans, the Jamaican sprinter Usain Bolt produced 3.5 horsepower during his 100-metre world record in 2009. How so?

			The point is that you would need to keep around 15 horses to provide a continual 1 horsepower: after all, the poor creatures need to be rested and fed. Watt’s estimate was based on mine horses working a four-hour shift.

			A story goes that the measurement was created by Watt when one of his customers, a rascally brewer, demanded a steam engine that could match his horse. He chose the strongest horse he could find and drove it to exhaustion. Watt, well aware of what was going on, accepted the brewer’s challenge and built an engine that exceeded the figure achieved by the poor horse. When calculating the measurement Watt allowed for the fact that a single horse cannot work day and night and adjusted accordingly.

			The accepted measure of one mechanical horsepower is the ability to lift 550 pounds one foot in one second, or 745.7 Watts.† You can calculate horsepower by multiplying the torque (or twisting force) by revolutions (the distance travelled) and then dividing by 5,252 (the time – don’t ask).

			At least the suffering of countless draught horses was alleviated by engines. But horsepower as a measure has attracted so many qualifications and fudges that it has to be used with caution.

			Nikolaus Otto and his factory manager Gottlieb Daimler disagreed about what to do next with his four-stroke invention. Otto wasn’t really interested in transport and wanted his engine to replace large stationary steam engines. Daimler wanted to make small engines suitable for bicycles or carriages. As a result, Daimler left Otto and set about evading his patents so that he could avoid paying royalties. By a subterfuge involving the ‘previous art’ of a patent granted in 1862, Daimler overturned Otto’s patent and went on to build an empire. In 1885 he and Wilhelm Maybach built a small single-cylindered half-horsepower engine and put it in a bicycle. So the first person in the world to ride an Otto-cycle motorised vehicle was Adolf, Daimler’s 14-year-old son.

			We now have to uncover an extraordinary attempt to unfairly claim the first powered flight by that most upright and sober of American institutions: the Smithsonian. Samuel Langley was the founder of the Smithsonian Astrophysical Observatory, but he then took up an interest in aviation, building rubber-band-powered model aircraft based on Pénaud’s designs. Colleagues noticed that his models did not seem to stay in the air very long. Then he managed to make steam-engined flying models. Around this time Rudyard Kipling was visiting his friend (and soon to be president) Teddy Roosevelt in Washington. He encountered the professor with the passion for toy aircraft:

			Through Roosevelt I met Professor Langley of the Smithsonian, an old man who had designed a model aeroplane driven – for petrol had not yet arrived – by a miniature flash-boiler engine, a marvel of delicate craftsmanship. It flew on trial over two hundred yards, and drowned itself in the waters of the Potomac, which was cause of great mirth and humour to the Press of his country. Langley took it coolly enough and said to me that, though he would never live till then, I should see the aeroplane established.5

			This mockery by the press may have provoked the Smithsonian into their later claims of success on the part of their colleague. Langley’s models flew further and further until his No. 6 flew for nearly a mile. The Smithsonian then granted him $20,000 to develop a full-sized man-carrying machine. To this the US War Department added $50,000, a huge sum of money at the time. The stakes were correspondingly high.

			Langley called his pilot-carrying machine ‘The Aerodrome’, which translates as ‘air runner’ in Greek. The name has lived on to denote the runways that aircraft fly from. The younger man Langley hired to be the pilot was a brilliant American engineer, Charles Manly. And realising that the power-to-weight ratio of a steam engine was too low to propel a full-sized aircraft, Langley looked for someone to build him one of the exciting new Otto-cycle engines.

			Professor Langley commissioned a Hungarian-born engineer, Stephen Balzer, to build him an engine for the Aerodrome. Balzer had built his first motor car in New York, a car that featured a lightweight rotary three-cylinder engine which he thought he could enlarge for the Aerodrome. Car and motorcycle engines are usually too small for aircraft. His five-cylindered prototype was disappointing, only producing 8 to10 horsepower compared with the minimum of 12 hp that Langley needed. It only ran for a few minutes. As many engineers have found to their cost, simply enlarging a design doesn’t always work.

			Langley asked his engineer/pilot Charles Manly to intervene, and so he took on the mammoth job of redesigning the engine. A trip to Europe in 1900 to speak to other engine designers convinced him that the rotary design was not the way to go. So he designed the engine with fixed radial engine cylinders. And he designed a masterpiece.

			Charles Manly made, largely with his own hands, a five-cylindered four-stroke radial engine, nearly 9 litres in total cylinder capacity. Five cylinders would give smooth running, and they were laid out somewhat like Leonardo’s Vitruvian Man, in a star shape.

			He put a cast-iron liner into each spun-steel cylinder, something his local machine shops said couldn’t be done, and so he did it himself. He also welded steel water jackets around the cylinders for cooling and brazed ports on for the valves. In so doing he permanently damaged his eyesight.

			Why the need for cooling? It may shock the reader to be told that the average petrol engine is as little as 25 per cent efficient. That means that up to 75 per cent of the expensive fuel we buy disappears as wasted heat from the cylinders and down the exhaust. This has enormous consequences now in a warming world, but the problem for an early engine designer was how to remove all this excess heat without melting pistons and cylinders together in a red-hot mass. One solution was to put cooling fins on the outside of the cylinders, and this worked well enough for small motorcycle engines: we call this air-cooled. But when there are rows of cylinders, the rearmost do not receive enough cooling draught. The other solution is to place a jacket of cooling water around the cylinder and pump the near-boiling water away to a radiator well away from the engine: water-cooled. This was the route that Manly took.

			The rest of his engine was no less remarkable. Manly had to make every part himself, as there were no lightweight aircraft-engine accessories available off the shelf. His ignition system using a high-voltage coil and spark distributor was the first of its kind. His sparking plugs featured a platinum electrode, a choice of material years ahead of time. But his carburettor was a chamber filled with wooden balls soaked in petrol which produced a vapour that was drawn into the cylinders. This was like someone building a Concorde out of corrugated iron: Manly simply didn’t have specialised materials such as aluminium, and so he had to make the crankcase out of steel and the pistons out of cast iron. He invented a drum-type cam to open the valves and evolved the idea of having a master connecting rod and the remaining rods as slaves. The results were outstanding: the performance of this engine was prodigious. Aircraft builders are obsessed with the weight-to-power ratio of the engines they buy for obvious reasons: every extra pound or kilogram in the engine has to be supported by thin air. For a dry weight of 125 pounds, Manly’s engine gave over 52 horsepower, a weight-to-power ratio of 2.4 pounds per horsepower, which was not beaten until 1916 by an engine designed and built in a fully equipped factory during wartime. Furthermore, his engine ran reliably for ten hours without getting hot and bothered.

			Not only did Manly produce the world’s first purpose-made aircraft engine, he did it largely on his own. L. J. K. Setright,‡ the sage of aero engineering, wrote this: ‘As an example of brilliant originality in design and virtuoso ability in workmanship, the Manly radial remains to this day one of the most outstanding aero-engines in history.’6

			The sequel to this story is a sad one. After this jewel of an engine was fitted into Professor Langley’s Aerodrome, the aircraft was loaded onto a catapult mounted onto a houseboat moored on the Potomac River. It was 7 October 1903. But the aircraft had been scaled up from models and was structurally far too weak. Control was virtually non-existent, with two sets of wings in tandem and a central rudder. Manly took the controls, the engine roared, the whole contraption slid down the ramp … and promptly flopped into the water. Manly had to be rescued.

			On the second attempt on 8 December Manly tried again, and this time the Aerodrome nearly killed him. It collapsed into the water again, trapping him under a tangle of wires and canvas. He was dragged out just in time.

			Professor Langley made no further attempts, and the whole expensive project was ridiculed by the press. Then just nine days afterwards on 17 December 1903, Wilbur and Orville Wright conducted four successful flights near Kitty Hawk, North Carolina with an engine of their own construction.

			We are not quite finished with the Aerodrome. Professor Samuel Langley was clearly an honourable man, and when a colleague was found to have been embezzling funds from the Smithsonian he held himself responsible and refused his salary. The pressure proved too much, he suffered a stroke and died in 1906.

			In a dubious alliance, the Smithsonian allowed the aircraft manufacturer Glenn Curtiss to make extensive modifications to the Aerodrome to enable it to fly. Curtiss wanted to prove it was the first flying machine so that he could defeat the Wright brothers’ patent lawsuits against him after he appropriated their ideas. And the Smithsonian wished to salvage their deceased secretary’s aeronautical reputation. After a few short hops by Curtiss during which daylight was seen under the Aerodrome, the Institution was sufficiently emboldened to display the machine in its museum. ‘The first man-carrying aeroplane in the history of the world capable of sustained free flight,’ the placard boasted. ‘Invented, built and tested by Samuel Pierpont Langley in 1903.’ This relegated the Wright Brothers’ 1903 Kitty Hawk Flyer to also-ran status.

			‘It was a lie pure and simple, but it bore the imprimatur of the venerable Smithsonian and over the years would find its way into magazines, history books, and encyclopaedias, much to the annoyance of those familiar with the facts,’ wrote the aviation historian Fred Howard.7 ‘To Orville Wright it was more than an annoyance. It was the culmination of Glenn Curtiss’s campaign to demean and devalue all that the Wright brothers had accomplished.’

			Orville Wright was quite rightly furious (his brother Wilbur had died two years previously), and he accused the Institution of misrepresenting American aviation history. He found out the extent of the Curtiss modifications from a close friend of the Wright brothers, Griffith Brewer, who had photographed the tests. He then refused to donate the original Flyer to the Smithsonian, instead giving it to the Science Museum of London, which had a more objective view of aviation history. The feud eventually ended, but not until the Smithsonian published details of the Curtiss modifications to their Aerodrome and recanted their claims for precedence.

			At last, the executors of Orville’s estate signed an agreement for the Smithsonian to purchase the Wright Kitty Hawk Flyer for one dollar. At the insistence of the executors, their agreement included conditions for display of the aeroplane: if any associated institution dared to claim precedence for any other aircraft, then the Flyer would be forfeited to the heir of the Wright brothers.

				
					* A glance at an online animated graphic will explain it all: https://en.wikipedia.org/wiki/Internal_combustion_engine.

				

				
					† The Watt is an SI unit created in 1882 to measure power – usually electricity. It was named for James Watt.

				

				
					‡ Setright was the paragon of technical writers: car journalism’s Prospero to Jeremy Clarkson’s Caliban. Concert musician, Jewish scholar and epicure, in appearance he was a gaunt Old Testament prophet draped in a Savile Row suit. More English than the English, he smoked Black Russian Sobranie cigarettes and drove a Bristol motor car.

			

		

		
			Chapter Two

			Nobody ever understands what

			a pioneer is doing1
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				‘Surely we’re flying this in the wrong direction?’ – Wilbur Wright on the Wright Flyer in 1903. (Wikimedia Commons/US Library of Congress)

			

			So how did two humble bicycle mechanics from Dayton, Ohio change history? A host of French, British and German engineers and inventors knew that powered heavier-than-air flight was coming and were racing to be the first. There was also a horde of frauds, stuntmen and profiteers. They all thought that the new petrol engine was going to provide the breakthrough they craved, but what they didn’t know was how they were going to control the aircraft once it left the ground. And that is exactly what Orville and Wilbur Wright figured out.

			Like Einstein’s steam engine, it’s another story of an inspirational toy: when they were boys their father Milton brought home a toy flying machine. It was a form of helicopter based, like Professor Langley’s, on a design by Alphonse Pénaud. It was powered by a rubber band that drove a rotor. Wilbur and Orville were fascinated and played with it until it broke, and so they built their own. Like Albert Einstein, they later maintained that it was this toy that initiated their lifelong interests.

			After a career together building a printing press and running a newspaper, the brothers, neither of whom married, turned their attention to the new craze of bicycling and built up their own safety bicycle manufacturing company. This funded their new interest in flight, triggered by Professor Langley’s steam-driven model aircraft flights at the Smithsonian and the exploits of the German hang-gliding pilot Otto Lilienthal, who was killed in August 1896. Wilbur said of him: ‘Lilienthal was without question the greatest of the precursors, and the world owes to him a great debt.’

			The brothers decided that pilot control was vital and first learned to build gliders. They evolved the idea of banking, or leaning the aircraft into turns – rather like riding a bicycle. They achieved this by twisting the ends of the wings, or ‘warping’ as they called it. They experimented with gliders at an area of sand dunes called Kill Devil Hills at Kitty Hawk, North Carolina, using a local boy as pilot, as did Sir George Cayley. They then tested 200 types of wing in their home-made wind tunnel, and also figured out the best kind of propeller, which they eventually realised was a form of rotating wing.

			After their experience with bicycles and studying the observations of predecessors such as Sir George Cayley, the Wright brothers realised that pilot control was essential for such a dangerous and unstable machine as an aircraft. Wilbur Wright acknowledged Cayley’s importance to the development of aviation: ‘About 100 years ago, an Englishman, Sir George Cayley, carried the science of flight to a point which it had never reached before and which it scarcely reached again during the last century.’2 The Wrights’ inventive breakthrough was three-axis control, which is still used to this day. In their earlier unpowered gliders they learned how to control roll, pitch and yaw, partly by twisting the wings, partly by using a rudder.

			Compared with Manly’s jewel their engine was fairly unremarkable, but it did the job. The first engine to propel a heavier-than-air machine was not the best of those early engines, but it was the first. They could not buy one that would do the job, so they set about building one out of local materials. Largely following the contemporary 1900s automobile practice of ‘4x4x4’, it had four cylinders measuring 4 inches in diameter with a 4-inch piston stroke. These were laid flat in a row and a four-throw crankshaft was carved out of a solid billet of steel by the Wrights’ machinist, Charlie Taylor. Here’s Taylor’s story in his own words:

			We didn’t make any drawings. One of us would sketch out the part we were talking about on a piece of scratch paper, and I’d spike the sketch over my bench. It took me six weeks to make that engine. The only metal-working machines we had were a lathe and a drill press, run by belts from the stationary gas engine.

			This single-cylindered engine was one they had built earlier to test their skills:

			The crankshaft was made out of a block of machine steel 6 by 31 inches and 1-5/8 inch thick. I traced the outline on the slab, then drilled through with the drill press until I could knock out the surplus pieces with a hammer and chisel. Then I put it in the lathe and turned it down to size and smoothness …

			This crankshaft was literally hacked out from the solid by Taylor. It lacked any balance weights, so the vibration must have been numbing for the pilot, lying prone next to the engine.

			… the ignition was the make-and-break type. No spark plugs. The spark was made by the opening and closing of two contact points inside the combustion chamber. These were operated by shafts and cams geared to the main camshaft. The ignition switch was an ordinary single-throw knife switch we bought at the hardware store. Dry batteries were used for starting the engine, and then we switched onto a magneto bought from the Dayton Electric Company.3

			The engine’s capacity was 3.3 litres. It had an overhead camshaft, which opened the exhaust valves only, as the spring-loaded inlet valves were sucked open automatically by the descending pistons, which was common practice at the time.

			What was remarkable was the material used for the crankcase. Unlike Manly, the Wrights managed to find the latest precipitate-hardened aluminium, and this was also a first in aircraft construction. They contracted a local Dayton foundry, the Buckeye Iron and Brass Works, to cast the aluminium crankcase. Buckeye acquired their raw aluminium from the nearby Pittsburgh Reduction Company, which was renamed Alcoa in 1907 and later became the world’s leading producer of aluminium. Here’s Charlie Taylor again:

			The body of the first engine was of cast aluminum and was bored out on the lathe for independent cylinders. The pistons were cast iron, and these were turned down and grooved for piston rings …4

			Amazingly, the engine had no fuel pump and no carburettor, but a crude form of fuel injection which allowed a trickle of petrol to leak into a water-heated inlet manifold where it vaporised and was sucked in through the automatic inlet valves. So the pilot had no throttle to control the engine power, just an ordinary tap, and therefore the engine ran at full speed or not at all. Presumably the pilot was otherwise occupied in learning how to fly the world’s first aeroplane on its very first flight.

			All of this hard work and inventiveness resulted in a dry weight of 179 pounds, quite a bit more than Manly’s engine at 125 pounds. The specific power was 15 lb/hp instead of his 2.4 lb/hp. It also only produced 12 horsepower instead of Manly’s 52 horsepower, and it couldn’t produce that power for long. After a few minutes heat would build up and the inlet manifold would get too hot, reducing the density of the air and thus reducing power to around 8 horsepower.5 It was enough power – but only just.

			The Wright engine was first run on the bench on 12 February 1903, but on the very next day (Friday the 13th, as it happened) it overheated and seized up on a test run. Overheating was to be a constant bugbear of aero-engine manufacture over the next century, as we will discover. New castings had to be ordered from the foundry, and Charlie had their engine rebuilt and ready to go in early June.

			What was even more impressive than building an engine literally from scratch is that the brothers realised the importance of running the two propellers slower than the engine and revolving them in opposite directions to counteract gyroscopic forces (these two facts didn’t dawn on some aircraft manufacturers until well into the Second World War). They did this by the simple expedient of using long bicycle-style chains and different-sized sprockets to gear down the 8-foot (2.5-metre) spruce propellers, then simply twisting just one of these chains into a figure-of-eight to reverse the direction! The brothers’ bicycle experience had certainly paid off. The result of all this was just 90 pounds (40 kg) of thrust (the most recent Rolls-Royce Trent jet engine generates 97,000 pounds (44,000 kg), well over a thousand times as much as that first aircraft engine).

			This historic engine came to a sad end. After powering the Flyer on four flights at Kitty Hawk on 17 December 1903, it suffered serious damage, splitting the crankcase when a gust of wind overturned the aircraft. It wasn’t perhaps the best engine built for pioneer flight – that was Manly’s. But it was the first engine to fly.

			We are nearly at the point of lift-off. In 1903 the brothers built their aeroplane, the Wright Flyer, adding Charlie Taylor’s engine. The whole aircraft cost less than a thousand dollars, in contrast to the $70,000 total of government and Smithsonian funds spent by Professor Langley on his Aerodrome.

			Finally, on 14 December 1903 Wilbur and Orville tossed a coin to see who would go first. Wilbur won the toss and the two brothers shook hands. John T. Daniels, a lifesaver crewman, was struck by the feelings between the two brothers: ‘After a while they shook hands, and we couldn’t help notice how they held on to each other’s hand, sort o’ like they hated to let go; like two folks parting who weren’t sure they’d ever see each other again.’6

			The two brothers wouldn’t see each other again, not in a flightless world. A few minutes later Wilbur lay down on the lower wing, the Flyer’s engine roared, the aircraft trundled down the launch rail and an aircraft took off under its own power for the first time in history. The Age of Aviation had begun.

		

		
			Chapter Three

			Prometheus’s gift
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			The first successful flight of the Wright Flyer, 1903. Wilber has just let go of the wing. (Wikimedia Commons/US Library of Congress)

			

			After a three-and-a-half-second flight the Wright Flyer lurched up steeply, stalled and crashed nose-first into the sands of Kill Devil Hills. Wilbur was slightly shaken, but the canard elevator at the front had taken most of the impact. He wrote home: ‘the power is ample, and but for a trifling error due to lack of experience with this machine and this method of starting, the machine would undoubtedly have flown beautifully … there is now no question of final success.’

			So was this the first successful flight? Or not? This is a problem for historians who try to hammer solid markers into the ever-shifting sands of time. Geologists also like to mark the transition between geological eras with what they call the ‘golden spike’, referring to the ceremonial gold final spike that was used to join two railway tracks when they met in the middle of the US in 1869, forming the transcontinental railroad.

			The two men made a far more successful flight on their next outing: on their next test day, 17 December 1903, the Wrights arrived on site in a freezing wind of 27 mph (43 km/h), and with the damaged elevator repaired Orville took off at 10.35 a.m. The over-sensitive front elevator caused the Flyer to swoop up and down in a sickening way, but it landed safely after a flight of 120 feet (36 metres) in 12 seconds. This flight was the subject of the famous photograph (his first) taken by John T. Daniels. This is generally accepted as the first heavier-than-air flight in history. Significantly the aircraft landed at the same level as the take-off: it hadn’t just floated off a hill like a glider.

			Wilbur managed 175 feet (52 metres) on the second flight, again struggling for control. On the third flight Orville achieved 200 feet (60 metres) in 15 seconds. And the fourth and final flight of Flyer 1 was more controlled. Orville recorded what happened:

			Wilbur started the fourth and last flight at just about 12 o’clock. The first few hundred feet were up and down, as before, but by the time three hundred feet had been covered, the machine was under much better control. The course for the next four or five hundred feet had but little undulation. However, when out about eight hundred feet the machine began pitching again, and, in one of its darts downward, struck the ground. The distance over the ground was measured to be 852 feet; the time of the flight was 59 seconds. The frame supporting the front rudder was badly broken, but the main part of the machine was not injured at all. We estimated that the machine could be put in condition for flight again in about a day or two.1

			This was more like it. Wilbur Wright had managed nearly a minute of sustained, controlled flight. The engine had run reliably throughout. They had a photograph and five witnesses, and Flyer had done her duty. Unfortunately the fragile aircraft was then caught by a huge gust of wind and rolled over several times, despite desperate attempts to hang on to it. As we have seen, the engine crankcase was split in half, and that was the end of the engine. This is the aircraft that Orville donated to the Science Museum in London and that now resides in the Smithsonian.

			The brothers now had to capitalise on their invention, and that proved much harder. The Wrights began applying for a patent, but it described the 1902 warping wings on their glider, not the 1903 powered Flyer. It took over three years to be granted, and this patent was to be the basis for the many patent-infringement suits which exhausted the brothers (and probably led to Wilbur’s premature death at only 45). In 1904 they built another Flyer with an enlarged version of the same engine and managed to fly in a large circle for one and a half minutes, but still the aircraft was difficult to control. There was a reason for that.

			An amateur might be forgiven for thinking that the Wright Flyer 1 was flying backwards.* It had no tail, but instead a large appendage at the front. The propellers were at the back, pushing forwards. The Wrights were trying to fly their contraption in the wrong direction, in fact the whole thing was dangerously unstable, as modern analysis shows. An attempt to re-stage the hundredth anniversary of the first flight on 17 December 2003, using an exact replica, failed because the pilot simply could not control it. It was like a flying shopping trolley.

			The Wrights struggled with their reputation at first. They refused to show anyone their machine as they feared their ideas would be stolen – and in that they were right. In Europe, aviation enthusiasts were certain that the French were on the brink of powered flight. The pioneer French aviator Captain Ferdinand Ferber had even written to his fellow countryman Ernest Archdeacon, founder of the Aéro-Club de France: ‘Do not let the aeroplane be achieved in America first!’

			It seems hard to believe in this world of 24/7 online news, but the only press coverage the Wrights received in 1904 was an article written by one Amos Root in Gleanings, a bee-keeping magazine, alongside articles such as ‘How to get bees into the cellar’ and ‘Mid-winter flights of cellared bees’. In 1905 the Wrights’ local newspaper, the Dayton Daily News, finally reported Wilbur’s 5 October flight of 24.5 miles – a world-shattering achievement – on page 9, alongside farming news.

			The mainstream press refused to take the brothers seriously, and the New York Herald was positively insulting: ‘The Wrights have flown or they have not flown. They possess a machine or they do not possess one. They are in fact either fliers or liars. It is difficult to fly. It is easy to say, “We have flown.”’2

			The Wrights tried to interest the US Army in their invention, and made demonstration flights. On 17 September 1908 a propeller disintegrated in mid-air and Orville suffered a dreadful crash. His passenger, Army observer Lieutenant Thomas Selfridge, was killed, and thus entered history as the first person to die in an aviation accident. Orville was badly injured.

			Prophets are not without honour, except in their own country. It wasn’t until Wilbur took Flyer Model A to Europe in May 1908 that the international aeronautical community at last believed the Wrights’ claims. His first flight near Le Mans only lasted 1 minute 45 seconds, but he made banking turns and described a complete circle. During later flights he made figures-of-eight and performed manoeuvres surpassing anything rival pioneering aircraft could achieve.

			The plaudits flooded in, at last. The sceptics apologised and praised the brothers. The public loved Wilbur’s flight demonstrations, and when Orville and their sister Katharine joined him in 1909, they were briefly world-famous. Kings came to see the flights. Previous sceptics now hastened to make amends. The Aérophile magazine, which had once sneered, now hastened to proclaim that the flights ‘have completely dissipated all doubts. Not one of the former detractors of the Wrights dare question, today, the previous experiments of the men who were truly the first to fly.’3 And Ernest Archdeacon, who had once written that the French would make the first public demonstration of powered flight, now wrote: ‘For a long time, the Wright brothers have been accused in Europe of bluff … They are today hallowed in France, and I feel an intense pleasure … to make amends.’4

			All very gratifying, but the Wrights struggled to make a success of their business. The crashes began to mount up. All six Wright C model aircraft bought by the Army crashed, and by 1913 the death toll had reached 11. Eventually the military refused to buy aircraft with ‘pusher’ type propellers with the engine behind the pilot as it was apt to crush him when the aircraft crashed into the ground. The competition in Europe and the USA was ferocious, and in the end patent struggles proved too much for the fledgling business.

			Many years later Orville struck a sad note about the horrors brought about by the bombers of the Second World War:

			We dared to hope we had invented something that would bring lasting peace to the earth. But we were wrong … No, I don’t have any regrets about my part in the invention of the airplane, though no one could deplore more than I do the destruction it has caused. I feel about the airplane much the same as I do in regard to fire. That is, I regret all the terrible damage caused by fire, but I think it is good for the human race that someone discovered how to start fires and that we have learned how to put fire to thousands of important uses.5

			Prometheus brought fire to humanity. It was up to humanity to know what to do with it.

				
					* The Soviet Antonov A-2 biplane really could fly backwards. Its stall speed was so low that a pilot could hold it into a head wind near the ground at around 25 mph (40 km/h) and if the wind was strong enough, this manoeuvre would make the plane move backwards very slowly while still under full control. Biplanes were flown by the all-women crews of the Soviet 588th Night Bomber Regiment.

			

		

		
			Chapter Four

			Primum movens –

			‘Prime mover’ – a new engine for a new century
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			A nine-cylinder Gnome rotary engine, circa 1916. The inlet valves are hiding in the piston crowns. (Wikimedia Commons/US Library of Congress)

			
			Those Magnificent Men in their Flying Machines was a 1965 comedy caper film that featured authentic flying replicas of early aeroplanes. In it, the English press baron Lord Rawnsley puts up a £10,000 prize for the winner of a 1910 London-to-Paris air race. Many of the pioneer aircraft and their piston engines can be seen flying, but the authenticity of the cars, aircraft and sets is somewhat let down by feeble performances and a predictable script. Watching the stunt pilots getting these contraptions into the air gives an idea of just how dangerous this new sport was. Landing them again was potentially lethal.

			As the Wright brothers built up their flying hours they ran into an engine problem. As they rotate, in-line four-cylindered engines’ pistons stop and start all at the same time, and as a result such an engine can never have perfect balance. The vibrations of their engine were so bad that they threatened the structure of the aircraft. More power was needed, too, so the brothers increased the power of the four-cylinder engine to 25 horsepower by 1906, and in 1908 they made a six-cylindered engine of 39 hp.

			Six-cylindered engines are smoother because the crank throws are at 120° to each other instead of the 180° of a four-cylinder. This means that paired pistons are at equal distance from the centre of the engine (nos 1 and 6 cylinders, nos 2 and 5, nos 3 and 4), and they are always moving together, which results in good balance in the reciprocating mass. The overlapping torque is generated every 120°, which helps for smoothness, too. However, you cannot keep adding cylinders in a line indefinitely – the crankshaft grows so long that it starts to twist and vibrate. This is because as each cylinder fires it imparts a slight twist to the crankshaft, rather like winding a spring. This sets up a torsional vibration that eventually snaps the crankshaft. The Wright brothers did not dare to run their new six-cylinder engine at the high revolutions at which this vibration set in. It was left for others to solve this problem.

			One way to avoid a long crankshaft is to use a short four-throw crankshaft with a bank of four cylinders, then add an extra bank of four cylinders and pistons at 90° to the first bank, driving the same crankshaft and sharing big-end journals. And this is exactly what the French engineer Léon Levavasseur did when he invented and patented the V8 engine, the elegantly built and named Antoinette 8V.

			Levavasseur was a fine arts student who clearly had an eye for aesthetics. He switched to engineering and started building petrol engines for motorboats. His V-shape motors fitted neatly into the bilges of a boat, as V-shaped steam engines had before them. In 1903 he persuaded the French industrialist Jules Gastambide that his engines would be light and powerful enough for speedboats and
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