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FOREWORD

Tim Routsis, Chair of the Board of Trustees, Shuttleworth Trust

Forty-four years separate this edition from the 1980 copy I have on my desk as I type this Foreword. A time-traveller from the 1980s visiting today’s Collection would be amazed by how much the fleet has grown in the intervening period. Of the types described in the original version, only two – the Granger Archaeopteryx and the LVG CVI – are no longer to be seen at Old Warden (both have returned to their original owners). All the others are still active participants, a stunning testament to the skills of the engineering teams who have maintained them in operating condition, the care of the pilots who display them and the unstinting support of the army of volunteers who underpin everything.

Just maintaining the 1980 fleet would have been remarkable enough, but the Collection now has over 40 aircraft. In accordance with the ethos of the Shuttleworth Trust, all are maintained in flying condition; many of these are both unique and historically important. It is fair to say that the Collection has grown into a national asset of international significance.
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This growth has necessitated some changes to accommodate today’s fleet – several additional hangars to house the Collection and resident aircraft have been built. The main runway is now longer, the choice of landing directions available to the pilots of early types is greater and the challenge of the Old College Road (which used to bisect the main runway) has finally been banished by the opening of the new access road to the site. Notwithstanding these developments, the timeless charm of the grass airfield nestling in the Bedfordshire countryside is unchanged.

One change has been the widening of the pool from which pilots are drawn. It still remains true that pilots are invited to join after a careful vetting process, but the selection criteria no longer restrict applicants to ex-Service test pilots. Only a subset of pilots chooses to join the Services; many excellent people walk a different path through aviation. Today’s pilot cohort has a healthy mix of backgrounds and the displays are the better for it.

Notwithstanding these changes, the purpose of the Collection remains constant – to educate in the practice and science of aviation and automotive activity. We do that by exhibiting the aircraft in their natural and designed environment, that of flight, with all the associated sensory elements of sound, smell and fluidity of motion; attributes which are impossible to experience in a static museum.

I was reminded of the power of these core values when walking back from the tower at the end of an evening display at Old Warden. The majority of the crowd had departed, but I saw a young man of perhaps ten years old sitting in the cockpit of the Spitfire, where he had been invited by the pilot who had just flown the aircraft as the closing act of the show. The Spitfire was exuding the cocktail of post-flight smells and sounds common to its type – the tang of exhaust, glycol and oil, matched to the click of cooling metal and the hum of gyros running down. He was being briefed by the pilot, who was standing on the wing. The elevators and ailerons were following the movement of the control column as our guest carefully followed his instructions, his face a study of concentration and delight, as he was watched by his family, a few steps away. When he walked away from the aircraft, he turned and looked back at it in a way which told me that the fire had been lit. This, truly, is the magic of Shuttleworth. Our time-traveller from the 1980s would recognise this only too well.
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Introduction to the Third Edition

From Blériot to Spitfire describes the flying characteristics of the historic aircraft at Shuttleworth, a collection started in the 1930s by Richard Shuttleworth at the family estate at Old Warden in Bedfordshire.

The Shuttleworth family made their wealth from agricultural machinery, with the Clayton & Shuttleworth Company. In 1928, the heir to the estate, Richard Shuttleworth, started his hobby of acquiring veteran road vehicles. His aim was to assemble a range of historic cars that could be run; he placed regular entries in the London to Brighton Veteran Car Run, which the Collection still enters to this day. He also raced cars and won the 1935 Donington Grand Prix.

He learnt to fly and in 1932 purchased a de Havilland Moth, G-EBWD, which he based on the Shuttleworth estate. That aircraft still resides at Old Warden and has the claim to have been based at one aerodrome longer than any other active aeroplane.

In the 1930s, Richard started collecting historic aeroplanes alongside his veteran cars. He purchased and restored many valuable and historic types: a 1909 Blériot (which is now the oldest airworthy aeroplane in the world); a 1912 Blackburn Monoplane (the oldest flying British aeroplane); a Sopwith Pup; and many others. He was a keen engineer and became a director of Comper Aircraft; he flew a Comper Swift to India and operated a fleet of Desoutters.

In 1940, Richard signed up to serve with the Royal Air Force, but unfortunately died in a night flying accident during training. He was the only heir to the estate, so on his death it returned to his mother. After the war she set up the Richard Ormonde Shuttleworth Remembrance Trust, which exists to promote training and discovery in the knowledge and skills of agriculture and of aviation and automotive technology.

The Trust fulfils its automotive and aviation aims through the Shuttleworth Collection, building on the nascent collection that Richard assembled. It grew in the 1960s and 1970s into a world-class collection of aeroplanes and cars, and continuing in Richard’s vein they (almost) all fly or can be driven. In 1964, the Collection held its first public air display on the small airfield at Old Warden.

In 1977, David Ogilvy, the then General Manager, edited and published From Blériot to Spitfire, Flying the historic aeroplanes of the Shuttleworth Collection, which featured nineteen aircraft described by the pilots who flew them. Amongst the articles, Roland Beamont, the wartime ace and Chief Test Pilot of English Electric, described the Wren; Allen Wheeler, who learnt to fly in Avro 504Ks, described flying the Collection’s 504K; and Neil Williams, the then British Aerobatic Champion, described taking the Collection’s Spitfire up from Duxford for its post-restoration test flight in the 1970s. During 1991, the second edition of the book was published, adding the Hawker Hind and de Havilland Comet racer. David described the exciting new aircraft that might soon join the Collection: the Sea Hurricane (then under restoration at Duxford); the Southern Martlet; and a Sopwith Triplane. Few then could have envisaged that 30 years later there would have been 20 more airworthy aircraft added to the fleet. The addition of these aircraft is described in detail by Matthew Chapman in the chapter ‘Engineering Old Aeroplanes’. There are only two aircraft covered in the original book that are no longer with the Collection, both of which were on loan and have returned to their owners: the Granger Archaeopteryx and LVG CVI.

This third edition of the book continues from where David left off. It is again an account of flying the Collection’s aircraft by the pilots who fly them. To that end, many of the original contributors’ chapters are republished with minimal editing, so should be read in the context of the years in which they were written. David Ogilvy in 1977 anticipates that ‘a flight of three Magisters is the most we can hope to muster’, but in 2022 Shuttleworth brought together and displayed five airworthy Miles Magisters. Recent research has added to our knowledge about the Sopwith Dove/Pup that Richard purchased and restored as a Pup, but that wasn’t known to John Lewis in 1977.

Only four Collection aircraft are now aerobatted (Tiger Moth, Chipmunk, Provost and Spitfire), but in the past the Sopwith Pup, the DH60 Moth and others were flown aerobatically. David Ogilvy’s description of handling old aircraft is reproduced in full and is a fine description of the differences and basics of vintage taildraggers. David recommends a flight in a Tiger Moth to sample vintage flying. A few dedicated training establishments have continued to use the Tiger Moth and one of these, the Cambridge Flying Group, moved its operations to Old Warden in 2023. It offers members of the public the opportunity to experience flight, and indeed to learn to fly, in genuine 1930s biplanes.

Added to these original chapters are others in which recent and current pilots describe in their own words their experiences of flying and displaying the Collection aircraft. Some will take you through a little history of the type and its general handling, while others will put you in a display, flying past the crowd at Old Warden.

The aircraft are flown and displayed by a small cadre of pilots. In 1977, alongside some famous names this included Allen Wheeler, who had been a close friend of Richard Shuttleworth. The Collection pilots back then were all ex-military, mostly test pilots who were, or had been, senior company test pilots with extensive taildragger experience and would have flown and displayed many different aeroplanes. Having pilots from across the industry helped with the inflow of aeroplanes: Dicky Martin with the Gloster Aircraft Company helped to obtain an airworthy Gladiator; Beamont similarly with the Wren.

The backgrounds to the former and current pilots are described in the last chapter, ‘Pilots’ Profiles’. In the first edition many of the pilots learnt on the aircraft they describe, or very similar types; post-war, the Tiger Moth was still the standard basic trainer. That experience with a background of learning the basics on taildragger biplanes has now gone and the skills must be learnt and passed down from within the Collection. The current group of Collection pilots are no longer exclusively former service pilots or test pilots; they are invited to fly on the basis of their broad experience of different types and their display flying background. The Collection pilots still include many test pilots and former military pilots, but several of them have an exclusively civilian flying background.

During the first few years as a Collection pilot, they will display the simpler types with conventional simple piston engines (Moths, Magister, Chipmunk), before moving on to types with unusual handling or rarer engines (Elf, Desoutter, Tomtit). They might then progress to the World War I conventionally engined machines (‘Brisfit’, SE5a), or racers (Speed Six and Comper Swift). After that, they might fly the ‘rotaries’ (Sopwiths, Avro 504), heavies (Gladiator, Spitfire, Lysander, Hurricane), or the ‘Edwardians’ (Blackburn, Blériot).

As a youngster I visited the Collection, read the original book and envisaged perhaps one day flying some of the aircraft myself. The first edition could leave the reader a little disheartened; I’ve left David’s comments on becoming a Collection pilot unchanged at the end of his chapter on flying old aeroplanes. I would agree that perhaps you should save yourself the time and postage (or even emailing) by not applying, but I disagree with ‘there is no hope of flying the Collection aircraft’. My route was as a service pilot, but also through learning to fly the Tiger Moth with the Cambridge Flying Group, building my experience on the Tiger and other taildraggers alongside my service and then commercial flying. The Collection will hopefully be displaying these aircraft for many years to come and will always need a future generation of display pilots.

This book is a record of many contributors’ experiences of flying and displaying the Collection aircraft and gives the reader an insight into that world. Whilst few will have the opportunity to fly these aeroplanes, there are many weekends each summer when it is possible to see them displayed overhead Old Warden.


Chapter 1



Handling Old Aeroplanes

David Ogilvy, 1977

The flying qualities of individual aircraft are covered in the reports that follow, so in this chapter we generalise about some of the features that differ between ancient and modern types. Some machines are virtual laws unto themselves and in this category must fall the Boxkite, but similar principles apply to them all and it is the way in which such principles affect aeroplanes of differing shapes and sizes that concerns us now.

This is not a lesson on the theory of flight. Too many books and articles have been written on this subject to warrant going over the well-worn aerofoils, airflow, lift/drag ratios and so on all over again.

Starting a relatively modern aero engine is almost invariably achieved by the use of an electric starter motor, triggered into action from the cabin by pressing a button on or near the instrument panel. Most light types rely on their internal power supply for this, but the larger engines cause a heavy drain on a small aircraft battery and the usual practice is to plug in an external trolley-accumulator. The Supermarine Spitfire and Gloster Gladiator are examples of this to be seen at Old Warden. Another method, confined to aircraft with military origins, is to have cartridge starters and these are literally fired into life.

The engines of earlier aircraft are usually swung by hand. For this, the propeller is set to a position just ahead of a compression and on the word ‘contact’ is swung through that compression as the relevant piston passes through top dead centre. Hopefully it fires. Care is needed to ensure that if the engine kicks back, the swinger’s fingers are clear of the backward-revolving propeller. With larger engines, such as the Rolls-Royce Falcon in the Bristol Fighter, two or even three people need to link hands to combine sufficient strength to master the resistance of the compression. In this case, the usual verbal instruction is ‘One, two, three – go!’

There were a few early aids to success to ease the muscles and to relieve the human hand. The first successful mechanical device was the Hucks Starter, on which a long arm projecting from the front of a vehicle connected to a dog on the aircraft propeller, with power provided via the clutch and a chain drive from the vehicle’s engine. The Shuttleworth Hucks is used to activate the Bristol Fighter, Hawker Hind and Avro Tutor. Another method used extensively in the 1920s and early 1930s was the starter-mag, which in effect was a third magneto (aero engines are required to have two for normal running as a safety precaution against ignition failure) connected to a hand crank. An engineer outside and the pilot inside can be seen today practising this rather tiring winding operation on the Avro Tutor and the Hawker Tomtit.

Once an engine is running, different units require different tactics. A rotary engine objects to prolonged ground running, as it tends to suffer quickly from fouled plugs, so in this case a take-off is started as soon as is practicable. However, some engines are more sensitive than others to oil temperature and on a cool day Armstrong Siddeley radials, in particular, may require up to eight minutes at about 1,000rpm before the minimum figure is reached for a safe run-up and power check. Differing yet again, we have the Rolls-Royce Merlin in the Spitfire, the early marks of which have only one radiator, partially blanked by an undercarriage leg, thus causing the coolant to climb to boiling temperature even on a short taxi to the take-off point. To overcome this problem, the undercarriage must be retracted as soon as possible after lift-off, but not too soon!
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Hand-swinging the ADC Cirrus III engine on the Avro Triplane replica.



Control of an aeroplane when manoeuvring on the ground, or taxiing, is very straightforward in a modern aeroplane. The tricycle undercarriage keeps the tail in the air and thus offers the pilot a good forward view over the nose; a steerable nose wheel, connected to the rudder pedals, calls for nothing more than application of the left or right foot to control a turn. Closing the throttles and applying the brakes will bring the machine to a stop almost at once – provided, of course, that this ease of operation does not tempt the occupant to move too fast, which unfortunately does happen.

The fin and rudder at the back of an aeroplane act as a weathercock, so the machine always wishes to face into wind. Taxiing directly against the wind, therefore, creates no problem, but who wants to do this all the time? The earlier aircraft has no brakes, so its speed cannot be checked quickly. Success in turning depends wholly on the effect of the wind – or more usually the propeller slipstream – on the rudder. So, to turn, we must apply increased power to provide that artificial wind, but by doing so we risk moving more rapidly and we have nothing with which to stop! Therefore, turning in a confined space is impracticable and here a wingtip walker is needed; their task is not just to hold on to the wingtip and act as a standing passenger, but to become a human brake, pulling back on the inside of a turn while releasing the pressure before the pilot achieves his desired heading. Because the tail-down attitude means that the nose must be high, thus restricting the forward view, the pilot must weave throughout the taxiing operation, looking to the right while turning left and vice versa.

There are several trade-tricks that go with the successful operation of early aircraft, but the associated skills are dying rapidly. When taxiing downwind, a turn to a crosswind heading (which, incidentally, is difficult to maintain because of the weathercocking tendency already mentioned) may present problems. The wind from behind and the small amount of slipstream from the propeller of a well-throttled engine may negate each other, with the result that the rudder has no effective airflow round it. Increased power will help, but this will cause an unwanted increase in speed over the ground, so here the ailerons are brought into use. A down-going aileron will catch a wind from behind and will help to move that side of the aircraft forward, or help on the outside of a turn, so a pilot wishing to turn left applies left rudder, at the same time giving a short burst of engine to generate some slipstream, while using the left aileron as an aid. If he is taxiing the other way, or into the wind, he uses rudder in the direction of the desired turn, a controlled burst of power and opposite aileron, that is, left rudder and right aileron. Few pilots today know this and the other peculiarities of the vintage art.
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Radial engine trainers; the Avro Tutor leads the Hawker Tomtit.



Even take-off is different. With a nose-wheel aeroplane, a small amount of rudder may be needed in order to keep straight against the effect of the slipstream on one side of the aircraft, but otherwise all that is needed is to open the throttle and lift off at the appropriate speed. With a brakeless tailwheel type, more manoeuvring space will be needed for lining up accurately, although there should be no problem in facing the correct way for the start of an into-wind take-off. More rudder will be needed, not only to counteract the slipstream, but to fight the gyroscopic effect when the tail lifts and the machine adopts the flying attitude. Crosswind take-offs are not easy except in very light winds, but then the use of adequate rudder needs to be balanced with the use of into-wind aileron in order to keep laterally level during the ground run.
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With the tail up, the Desoutter accelerates prior to lift off.



On the climb, at a relatively slow airspeed and when control effectiveness is poor, a fair rudder pressure needs to be maintained to achieve what in today’s terms is called balanced flight, which means keeping the top (slip or skid) needle in the middle. Which rudder is required depends on the direction in which the engine rotates.

Perhaps it is in turns that the greatest difference shows between techniques needed for flying ancient and modern types. Many a machine today will go round a tolerably acceptable turn on aileron alone, although a touch of into-turn rudder is required to achieve flight balance. In an earlier machine, though, an attempt to turn on aileron alone produces quite drastic effects. Bank will come on and an internal gale will hit the pilot on the side of the face, but the aeroplane will show little sign of changing heading. If it does so at all, it may well go the wrong way, for a down-going aileron creates much more drag than its opposite counterpart and this applies especially to the oldest designs, where that down movement is most marked. By the 1920s, many types had differential ailerons, which means that the up-going surface moves further than the down-going control, thus reducing what is known as aileron drag. However, with the earlier designs the amounts of up and down travel were identical. Rudder therefore plays a very important part in turning any biplane. One of the best ways of testing a pilot’s overall coordination is to ask him to do a series of turns in opposite directions, rolling straight from one into the other without pausing in the level attitude. If they can keep the slip needle central throughout, they are either good or very lucky!

In the main, biplanes loop happily and with no special problems, but varying amounts of rudder are needed with different types to counteract torque and slipstream effects on the way over. When approaching the top, with full power and a rapidly reducing airspeed, fairly extensive but carefully controlled use of rudder is required. The true slow roll, on the other hand, is a relatively modern manoeuvre and it was not a practical, popular or fashionable thing to do in the early days. By the very nature of their design, most biplanes are resistant to roll, while varying amounts of aileron drag at stages on the way round call for equally varied use of the rudder. I cannot imagine anyone successfully slow (as opposed to barrel) rolling the Bristol Fighter, and out of respect for its age no pilot today would try; there are exceptions, though, and some of the later and more rounded biplanes, such as the Stampe, are nearer to a monoplane in both feel and control response.
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The SE5a is a delight to fly, with crisp response from both elevators and ailerons.



The approach and landing combine to produce an interesting exercise. Effective flaps, a tricycle undercarriage and no wind in the face made one American manufacturer claim that a pilot had just to ‘drive up’ or ‘drive down’ in his machine, aiming, of course, to compare it with an automobile. Clearly, such a claim is dangerous, for any aeroplane, however easy to fly, incorporates built-in hazards for the unwary; but compared with the aeroplanes of earlier eras, the modern device is driven down. Assuming reasonably calm conditions and plenty of space ahead, it is possible to set up an approach speed (in itself not very critical) combined with a rough descent rate and then wait until the aircraft touches the ground, finally cutting the throttle and using some brake. This is not the correct way to land a tricycle type, which should be flown to a point near the ground and held off for a landing on the main wheels only, but it is possible to arrive on the ground in some safety without exercising many skills.
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The Spitfire settles into the three-point attitude prior to landing.



What to do with our biplane? At one time there was a fine for any pilot who failed to reach the desired touchdown spot, on three points, after a glide approach all the way in. Apart, perhaps, from the compulsory three-pointer, this applied not just to people in Moths, but also to pilots of heavy bombers! This, of course, provided excellent and continuous training for forced landings. Today, hardly anyone minds much if a pilot uses a touch of throttle to correct an undershoot on the approach, but judgment still plays a key part. Without flaps, even on a high-drag biplane, the approach angle is fairly flat and the only way to hive off surplus height is to sideslip; for this almost dead art, one wing is lowered and opposite rudder applied to prevent the nose from falling, thus presenting a ‘dirty’ aeroplane to the oncoming airflow and steepening the descent angle. It is important to remember to recover to a normal flight condition well before the lowered wingtip crumples on the ground.

Nearly every early aeroplane should be landed into wind, or with only a minimal crosswind component. It is important to judge the approach carefully to come in at the correct speed and, where appropriate, to trim out any fore or aft load. Then all is set for the hold-off. If a crosswind is unavoidable, the nose of the aircraft is headed slightly into the wind so that the machine tracks (but does not face) along the desired approach/landing path. At the appropriate stage of the round-out, just before touchdown, the drift is kicked off with rudder, so that momentarily the machine is both facing and moving in the intended landing direction.

A three-point landing calls for practice. The hold-off needs to be started from the correct final approach speed, or, if too fast, ‘ballooning’ will result. A gradual backward movement of the stick, increasing in rate as the speed decreases and as the elevators lose their effectiveness, should lead to a touchdown on the main wheels and tailskid together. If the machine comes off the ground from this attitude, usually it is through no fault of the pilot, for it can be caused only by a sudden gust or rough ground. If a machine lands with its tail off the ground, still with surplus flying speed, and then lifts off in a bounce or balloon, the pilot may well be the culprit.

When landing straight into wind, or in no wind, the early stages of the run call for only minor rudder movements to keep straight, but as the airspeed decreases and rudder effectiveness diminishes, very rapid and energetic footwork may be needed. The final stages of a run into a wind of, say, 10 knots, are much easier than into a dead calm, for in the first case there is some airflow over the rudder even when the machine is stationary.

Without brakes, the last part of a crosswind (or dead calm) landing may become unmanageable. The rudder, which provides the only directional control available, has no effect, so even a most experienced and competent pilot may finish the run with a swing, or, if this cannot be checked, even a ground loop. This occurs because on a tail-down type, the Centre of Gravity (C of G) must be behind the main wheels and when the swing starts the momentum is such that the bulk of the weight tends to push ahead, thus aggravating the swing. Apart from imposing an excessive sideload on the undercarriage, this can lead to the outside wing digging in and, of course, considerable embarrassment for the unfortunate pilot. Most swings are readily correctable by prompt action, but occasionally one may be totally unavoidable.

Apart from the handling aspects, flying in vintage style has attractions, some of which cannot be easily pinpointed or defined. A slow, open biplane may not be the best mount for trying to go from one place to another into a strong wind on a very cold day, but what can be more pleasant than the DH60 Moth at eight o’clock on a warm, calm, clear July evening? The aim need not be to go somewhere, but just to enjoy the pure pleasures of flying for flying’s sake, which reveal themselves in retrospect even more than at the time. Ten minutes in one’s chosen aeroplane in the right conditions are worth more than ten hours in a device that may be an efficient travel tool, but nothing more.

In the period leading to World War II, the greater power available from developed and supercharged engines obviously led to higher speeds. This, in turn, removed any ‘slop’ that might have existed in the earlier, slower aircraft types and made controls stiffer, but more responsive. Clearly, with a wider diversity of airspeeds between the top of the scale and, say, the landing approach or when near the stall, problems arose with maintaining good qualities of ‘feel’ throughout the range; however, various forms of control balancing, leading later still on some types to such devices as spring tabs, helped to reduce the difference. The Chipmunk of the early 1950s is a good example of an aeroplane with nicely harmonised controls that feel right at all speeds.

To those readers who have pilots’ licences, let me save you the time and postage by adding that there is no hope of flying the aeroplanes of the Shuttleworth Collection, but the chance to fly something different from your usual mount might well arise. Fortunately, several Tiger Moths have survived and these are housed at various aerodromes all over Britain and, indeed, abroad. If you know someone who owns one, you may be fortunate enough to glean a trip. You will not regret it; but please remember that it is not a toy to be treated with contempt. It calls for airmanship and handling skills a bit beyond those needed for most modern light aeroplanes, so be prepared to take guidance – and enjoy it!


Chapter 2



Operating a Rotary Engine

Allen Wheeler, 1977

A rotary engine as referred to in relation to aeroplanes is one in which the whole engine crankcase, cylinders, valves, pistons and connecting rods all rotate round the stationary crankshaft, which itself is firmly fixed to the engine bearer plate on the fuselage. The propeller is bolted to the crankcase of the engine. This brief description of the early rotary engine is given because in the 1960s an entirely new type of rotary engine was developed for motor vehicles and works on a very different principle.

The original reason for the development of the rotary engine for aeroplanes, in about 1909 in its earliest form, was to get over two fundamental problems in using the existing engines designed for use in motor cars. These engines were very heavy, mainly because they needed a flywheel, and they also tended to overheat because in an aeroplane they had to be run continuously at almost full power – with a minimum of cooling to save both weight and drag. By making the engine itself rotate, one had a magnificently heavy flywheel and the cooling of the cylinders was assured even when the aeroplane was stationary. Problems were involved with this arrangement, but they were not insuperable.
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Preflight oiling the Le Rhône on the Sopwith Pup.
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The 50hp Gnome engine in the 1912 Blackburn Monoplane. The rotary engine’s cylinders rotate with the propeller, whilst the crankshaft is fixed to the airframe.



Firstly, the air and fuel had to be got into the engine and this could only be done through the hollow crankshaft with a somewhat primitive carburettor. There was, however, one range of engines that supplemented the air supply by allowing the exhaust valve to remain open during the induction stroke and the pure air thus sucked in mixed in the cylinder with a very rich mixture that got in through holes in the cylinder skirt, which were uncovered when the piston reached the inward end of its stroke. The best known of this range of engines was the French Gnome Monosoupape (‘single-valve’, thus ‘Mono’ for short), which became the standard engine in the Avro 504Ks used in the Royal Air Force.

Oil was also fed in through the hollow crankshaft to the bearings. To prevent the oil being washed off the moving surfaces by the fuel it was normal to use a pure vegetable oil (castor), which is not diluted by petrol. There is a ‘pulsator’ glass dome on the aircraft’s dashboard that indicates when the oil is flowing correctly – the visible oil level should be about halfway up the glass.

Although fairly high centrifugal stresses were imposed by the engine rotation, reciprocating stresses on the connecting rods were eliminated completely. The major stress involved was due to gyroscopic ‘kicks’ caused by any rapid manoeuvres in the air – these had to be contained by the hollow crankshaft and main bearings and thus passed on to the airframe.
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The air lever at top left (Bloctube lever, or BT) actuates the inner sliding brass plate on the Bloctube carburettor. Fuel enters via the right-hand side through the metered needle. The mixture flows to the engine ‘into’ the photo.



The 50hp Gnome engine installed in the 1912 Blackburn Monoplane has three levers controlling various aspects of the carburation, though many of the early rotaries had only one. However, the later rotaries dating from the mid-war years (1916) had more sophisticated forms of carburettor, which provided some control over the power at both ends of the range. This was a help towards achieving low idling power, but became almost essential at high power for flying in formation. These carburettors had two control levers. One controlled the air supply by a single large shutter (Bloctube, or BT); the other was virtually a fuel tap but designed to give a very fine adjustment to the fuel supply – it was called the ‘fine adjustment’ (FA). With this arrangement, the pilot had a certain amount of control over the engine speed and power, but at best only about 25 per cent with smooth running, and perhaps another 20 per cent by weakening the mixture to get the intermittent ‘brrpp-brrpp’ running associated with all rotary engines on very low power. Basically, and for all normal flights, not in formation, pilots used full power. Advantages of this system of carburation were that there was a ‘built-in’ mixture control for high altitudes or for variations in the pressure in the fuel tank, and slight variation due to static (ground) running as opposed to running in the air when the pressure at the air inlet varied slightly. It was also unlikely to get icing in the carburettor because nearly all the carburation took place inside the crankcase. This also helped to cool the engine.

Disadvantages were that the pilot himself had to find the right fuel/air mixture for the engine by manipulating the two levers – or the one lever in the case of the Mono. Just pushing the levers further forward to increase the supply of fuel/air mixture does not necessarily give more power; indeed, it is more likely to make the engine cut out due to over-richness of the mixture. One sure sign of over-richness is black smoke pouring out behind – but the pilot doesn’t see that. Another sign is the falling off of engine power. This could be due to an oiled-up plug, which is usually noticed due to rough running, or a weak mixture, which is usually very noticeable because of the ‘brrpp-brrpp’ that results from a very weak mixture. It is for this reason that a pilot who suspects loss of power should first assume over-richness and close the fine adjustment; the engine may then take a little time to recover, since the crankcase may have got a lot of surplus fuel sloshing about inside it. In bad cases of over-richness, the engine can take up to about seven seconds to recover. This emphasises the importance of a pilot NOT getting the engine too rich on take-off. Experienced pilots normally ‘feel’ back the fuel lever at frequent intervals to make sure that the mixture has not got too rich. If the mixture is too weak, recovery is immediate when the fuel lever is pushed forward.
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Le Rhône 110hp nine-cylinder rotary, with the propeller hub and nose piece removed to reveal the front of the crankshaft and connecting rod assembly inside the crankcase.



There are two different methods of starting a rotary engine, but in either case the pilot must first of all see that the fuel tank is pressurised to approximately 2½ lbs pressure, with the fuel and fine adjustment shut off. He must also check that the magneto switch (or switches) are off. The early rotaries had only one magneto, but later ones mostly had dual ignition.

One method of starting up is to turn the engine forward and squirt a little fuel into each cylinder when the exhaust valve opens – that means two complete turns of the engine. The engine is then given one or two turns till the propeller is in a convenient position for swinging and one cylinder is beginning the compression stroke. All this time, both the fuel (FA) and air lever (BT) are closed, but the main petrol tap can be turned on during the priming operation. The ground crew then call out ‘switches on’; the pilot switches them on and replies ‘contact’. The ground crew then swing the prop. If the engine fires on swinging, the pilot pushes both levers forward for about one-third of their quadrant and then adjusts the engine running to the dot-and-go-one ‘brrpp-brrpp’, indicating a weak mixture at the nearest one can get to an idling speed. It is important that the pilot takes care in pushing the levers forward so that he ‘catches’ the engine before it uses up the fuel it had in the cylinders and crankcase, but does not choke it with too much fuel. The engine can also be controlled by the ignition (‘blip’) switch (pressing and holding down, which temporarily cuts the ignition), but control by the fuel lever is better since it gives the pilot the feel of that control and is a rather lesser strain on the engine. It is also much more ‘professional’!

If the engine does not start on the swing, the pilot switches off, calls out ‘off’ and keeps the two levers closed. The ground crew then turn the engine to the next suitable position, on compression and ready for swinging. A good swinger is an essential member of the ground crew, that is, one who can achieve at least 180 degrees follow-through, which turns the engine over two compressions. Swingers have been known who threw the prop round 360 degrees!


[image: image]

The 80hp Le Rhône engine on the Sopwith Pup is run up to full power before take-off.
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The Avro 504K approaching to land; with the blip switch pressed to reduce power the engine runs rich, hence the smoky trail.



The other method of starting up differs from the previous method only in the priming stages. In this method, which was used in the Royal Air Force with the Mono engine, the pilot ensured that the switch was off, the fuel tank was pressurised to 2½ lbs and the main fuel tap was on and then, on request from the ground crew, pushed the (single) fuel lever forward till the fuel ran out of the open valve of the bottom cylinder. The ground crew then called out ‘petrol off’ and the pilot shut the ‘fine adjustment’. Next, the ground crew called out ‘sucking in’ and turned the engine over (forward) for about three turns; procedure then followed the same sequence as described above – propeller at convenient position for swinging with one cylinder coming on to compression … ‘contact’.

After the pilot has got the engine running at minimum idling speed with the two levers (fuel and air) adjusted as far back as possible, the engine can be allowed to warm up; this takes less than half a minute. The pilot then makes certain that one of the ground crew is leaning over the fuselage near the tailplane to prevent the aeroplane being pulled over on to its nose at full power. He then advances the two levers till he gets full power, taking care to keep the air lever well ahead of the fuel lever to prevent over-richness. It is at this stage that the beginner should take the opportunity to familiarise himself completely with the handling of the engine by trying the setting of the levers on full power and making minor adjustments to ensure that he has got full power. When he is certain of this setting, he should note the positions of the two levers on the numbered quadrant so that he can get it immediately on take-off. A rotary engine is not prone to overheating when run up on the chocks, but excessive running under this condition should be avoided.

When this has been done, the pilot pulls back the air and fuel levers to a low power setting (idling) and waves away the chocks, indicating to the ground crew that he is ready to taxi out. The ground crew then pull the chocks away from the wheels, but still remain at the wingtips. The man at the tail stands clear. In conditions of light wind, no assistance will be needed from the ground crew in taxiing, so they may also be waved away and the pilot proceeds to taxi.


[image: image]

The Sopwith Camel gets airborne; the engine turns clockwise when viewed from behind (‘right-hand tractor’). Gyroscopic forces mean that left turns are easier; turns to the right are more difficult and require left rudder.




Chapter 3



Engineering Old Aeroplanes

Matthew Chapman, 2024

In this chapter, I will hopefully give you a flavour of how the engineering and regulatory challenges for maintaining and flying vintage aircraft have evolved since the 1990s (and the previous edition of this book). In addition to the landscape in which we operate having changed and the increasing engineering burden of an ageing fleet of aircraft, the Shuttleworth Collection has grown significantly, with 22 extra aircraft, including three vintage gliders, added to the fold. These additions comprise both completed long-term restorations of aircraft already owned by the Collection, such as Richard’s Desoutter and new acquisitions such as the Mew Gull, or donations. As always, the aim is to return them to the air in the ethos of Richard Shuttleworth.


[image: image]

A busy workshop with the Sopwith Camel and Blackburn Monoplane undergoing maintenance and the Hawker Hind fuselage in the background. On the wall hangs a collage of fabric: fuselage from the Bristol Fighter; fin off the Hind; and a Jungmann rudder.



When taking on a new aircraft, the Trust must make a considered assessment as to its appropriateness to the Collection and the fulfilment of the Trust’s charitable aims, the aeroplane’s historical importance and whether or not it can operate from Old Warden Aerodrome, as well as our technical capability. In keeping with the Trust’s educational aims and to better educate our visitors about the development of flight, the Collection has expanded, with additional World War I types, interwar racers, vintage gliders and examples of World War II trainers and fighting aircraft.

This expansion has seen the acquisition of the only airworthy Polikarpov Po-2 in the UK and the final two projects to come out of the Northern Aeroplane Workshops (the World War I Bristol M.1C and the Sopwith Camel). In respect of interwar aircraft, the Collection now includes two more significant racing types, the Percival Mew Gull G-AEXF (of Alex Henshaw fame) and King’s Cup stalwart the Miles Hawk Speed Six G-ADGP, to complement the DH88 Comet racer Grosvenor House, which has now been flying and demonstrated at airshows for a good number of years. We have also been able to add a 1932 Comper Swift, similar to the one Richard flew to India in 1933.

The list opposite shows the aeroplanes that have been added to the Shuttleworth Collection, or are now flying following long-term restoration since publication of the previous edition of this book. The list contains three aircraft previously owned by the former BAE Systems Heritage fleet – the Anson, DH60 Moth and Blackburn B-2 – ownership of which now rests with the Collection. These three aircraft (the oldest Moth in existence, the only Blackburn B-2 remaining in the world and the Avro XIX/Anson, one of only two examples currently airworthy in Europe) have been kept at Old Warden and maintained by the Shuttleworth team for a number of years. Shuttleworth also maintained aircraft such as the Mew Gull and the Hawk Speed Six before acquiring them, so they were already very well known to us.

Some aircraft, however, have been totally fresh to us and brought their own challenges. One such example was the Polikarpov Po-2 – an aircraft type that we had never restored, maintained or operated. This meant obtaining what scant documentation or manuals there were out there for the airframe and engine (and translating them into English), understanding how the machine functions and working with our pilots in order to operate and display it at airshows for the assembled audience.

The new acquisitions have presented their own challenges during this time, as well as continuing to keep the existing fleet airworthy. Some aircraft, such as the previously mentioned Mew Gull, have joined the Collection already in an airworthy state. These examples underwent an initial inspection before acquisition and then subsequent annual inspections and/or overhauls (as required) in order to keep them in good working condition.








	
ANEC II


	
G-EBJO





	
Avro XIX Series 2 Anson


	
G-AHKX





	
Blackburn B-2


	
G-AEBJ





	
Bristol M.1C (replica)


	
G-BWJM





	
Comper CLA.7 Swift


	
G-ACTF





	
de Havilland DH60 Moth


	
G-EBLV





	
Desoutter Mk.I


	
G-AAPZ





	
DHC-1 Chipmunk 22


	
G-BNZC





	
Elliots of Newbury SG38 Primary glider


	
BGA 580





	
Hawker Cygnet (replica)


	
G-CAMM





	
Hawker Sea Hurricane IB


	
G-BKTH





	
Miles M2L Hawk Speed Six


	
G-ADGP





	
Percival Mew Gull


	
G-AEXF





	
Percival P56 Provost T1


	
G-KAPW





	
Piper PA-18-150 Super Cub


	
G-SVAS





	
Polikarpov Po-2


	
G-BSSY





	
Slingsby Kite glider


	
BGA 310





	
Sopwith Camel F.1 (replica)


	
G-BZSC





	
Sopwith Triplane (replica)


	
G-BOCK





	
Southern Martlet


	
G-AAYX





	
Westland Lysander IIIA


	
G-AZWT
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The Gloster Gladiator with its access panels removed, undergoing its annual inspection.



Other additions to the fleet, such as the Northern Aeroplane Workshop’s late production aircraft, came to the Collection new but unfinished (albeit with original period rotary engines). The Camel, Sopwith Triplane and Bristol M.1C all arrived in this state, with the final assembly, fabric covering, engine installation and rigging required. This was then followed by test-flying with the Collection’s Chief Pilot before application via the regulator for a National Permit to Fly. Some acquisitions, such as the Polikarpov Po-2, came to us ‘in good condition’, but it was soon found that extra work was required to make them airworthy to comply with UK regulations. This type of project work must be balanced and managed alongside the ‘day to day’ maintenance on the rest of the fleet and, of course, periodic overhaul or refurbishment of other Collection aircraft.

The Collection has now expanded to become one of the largest collections of airworthy vintage and historic aeroplanes in the world, if not the largest, spanning the time period from the earliest days of flight with the 1909 Blériot XI to post-war trainer types including the de Havilland Canada DHC-1 Chipmunk 22 and the Percival Provost. As we enter our 60th year of displaying (2024) these rare and beautiful machines to the public, it is believed that we are also the longest continuously running airshow venue in the world at our little home, the grass aerodrome that Richard Shuttleworth laid down in the 1930s between Old Warden and Biggleswade in rural Bedfordshire.

As previously hinted, expansion of this magnitude does not come easy, with the Trust needing to allocate more and more resources and money to maintaining the fleet. These come in all imaginable forms, including people-power (both employed staff and dedicated volunteers), researching and finding supporting literature such as maintenance and repair manuals for new or existing types, as well as building more hangars to keep all the aircraft in!


[image: image]

The Pobjoy radial on the Comper Swift undergoing remedial work.



The Collection is now housed in six hangars at Old Warden, with engineering and restoration work taking place in the original hangar that Richard Shuttleworth had built in the 1930s next to Hill Lane. The gift shop and café have been remodelled over the years, but the airfield layout is largely unchanged – although in 2019 a new road was built around the south of the airfield, meaning that the main runway could be extended by bypassing the old College Road, which previously ran across it. With this improvement, we have also been able to allocate ‘Big Meadow’, the grassed area south of the old College Road, as a landing field for rotary-powered aircraft, which gives us more options on show days if the wind direction is not ideal to match a marked runway.
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