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The 1:48 scale model of the M.52 which appears on the title-page was built by Keith Sherwood and presented to Dennis Bancroft.
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Foreword



This is a book that tells the inside story of what should have been for Britain a supreme triumph in the annals of aviation – the breaking of the sound barrier to attain supersonic speed in a piloted aircraft, but it was not to be.


The standard bearer for this venture was the Miles M.52 research aircraft, arising from an exceptionally brief specification issued in 1943 by the Ministry of Aircraft Production, and assigned, to the astonishment of many, to one of Britain’s smaller aircraft manufacturers, but one with a reputation for innovatory thinking. However, as a safeguard the project was to be monitored by the Royal Aircraft Establishment at Farnborough (RAE), which would also provide a test pilot with wide jet flying and transonic flight testing experience.


Well, they always say if you want something to fall into your lap, you’ve got to be in the right place at the right time. It just so happened that I was a young, but fairly experienced, test pilot in the Aerodynamics Flight and the High-Speed Flight at RAE in 1944, when I was told I was nominated to be the RAE’s pilot for the M.52 project.


I realised I could only discuss this within a very limited circle, as the project was classified TOP SECRET, and this new circle contained some very senior figures in British aviation and politics. Although the majority of these showed strong support for the project, there was a hard core who had genuine concerns about the high risks associated with it.


However, a new factor cast its shadow over the project – the intrusive interest of the Americans, with the full support of the British Government. The American interest was understandable, because the M.52 had some very innovatory features – a bi-convex wing, an all-moving tailplane (flying tail), a pilot escape capsule and a revolutionary jet engine designed by Frank Whittle. From this point the M.52 story began to assume the nature of a conspiracy, and indeed one that today remains unsolved.


The dénouement was the tragic cancellation of the M.52. This drastic action was totally unheralded, caught everyone in the project team absolutely by surprise, particularly as the aircraft was over 90 % completed to flight status. For me this meant deep disappointment, total frustration, burning anger, and heartfelt sympathy for other members of the team. For our proud nation it meant betrayal of our leading position in highspeed flight technology.
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In the beginning
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Sub-Lt (A) Eric Brown RNVR, in 1940.
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The winning Supermarine Schneider Trophy S6B seaplane, 1931.


One of the main catalysts to arouse man’s interest in high-speed flight was the Schneider Trophy series of air races for seaplanes, which took place between 1913 and 1931. The influence of this competition can be gauged from the fact that the first winning speed was 61mph and eighteen years later the last race was won at 340mph.


By coincidence, in the first six months of 1928, the year sandwiched between the first and second of the three victories that gave Great Britain outright possession of the Schneider Trophy, a 19-year-old cadet named Frank Whittle at RAF Cranwell was writing his required fourth term science thesis entitled ‘Future Developments in Aircraft Design’. In that remarkable document Flight Cadet Whittle postulated the possibility of flight at 500mph in the stratosphere where the air density was less than one-quarter of its sea-level value. To meet the power plant needs of such a high-speed/high-altitude aircraft, young Whittle discussed the possibilities of gas turbines driving propellers, but not the use of the gas turbine for jet propulsion; in the latter field he was shortly to lead the world.


In winning the Schneider Trophy, Britain’s greatest asset was not just to be the international prestige it gained, but the nurturing of the genius of R.J. Mitchell, the young designer who worked for the Supermarine division of Vickers-Armstrong Ltd, and was mainly responsible for the superb designs of the S4, S5, S6 and S6B, the latter three being the winning seaplanes in the years 1927, 1929 and 1931. The full potential of these racing machines was shown on 29 September 1931 when the S6B, fitted with a special ‘sprint’ engine, raised the World’s Speed Record by more than 40mph, to 407.5mph. With war looming on the horizon Mitchell went on to develop his Schneider Trophy masterpieces to the pinnacle of the most famous military piston-engined fighter of all time, the Rolls-Royce Merlin engined Supermarine Spitfire, which made its maiden flight on 6 March 1936.
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R.J. Mitchell, designer of Britain’s Schneider Trophy winning seaplanes and the incomparable Spitfire.


Frank Whittle, by now a qualified RAF pilot, filed his patent for a jet propulsion engine on 16 January 1930 and it was granted in October 1932. This was all done without any scientific, moral or financial support, and although the Air Ministry was notified it expressed no official interest in the patent. So there was no suggestion that Whittle’s patent should be put on the secret list, and his invention could be published openly throughout the world.


In spite of the frustrations of the next four and a half years, Whittle succeeded in getting his first test engine running on 12 April 1937, but there were difficulties still ahead.


With the prospect of war coming ever closer there was frantic activity in the fighter manufacturing field, mainly represented in Great Britain by the Hawker Aircraft Company’s Hurricane and Supermarine’s Spitfire. Fortunately both products were available to participate in the Battle of Britain, and were a revelation in their handling characteristics, firepower and particularly their performance attributes.


The Royal Aircraft Establishment at Farnborough (RAE) was heavily involved in promoting the advancement of fighter performance and in October 1941 initiated a programme of transonic flight testing with a Spitfire Mark V.


The Mach numbers that could be attained by this aircraft were somewhat limited by its operating ceiling, but were of the order of 0.75 to 0.78. Excitingly enough, although these goings on were highly classified, new words like ‘compressibility’, ‘sound barrier’ and ‘supersonic’ began to appear in aviation magazines and even be heard in crew-room discussions.
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Squadron Leader J.R. Tobin, who was CO of Aero Flight at RAE Farnborough in 1942.


By a twist of fate I was shortly to meet Squadron Leader J.R. Tobin, who was CO of Aero Flight at RAE Farnborough where he was involved in the new programme of transonic testing. At the same time I was to learn something of the innovatory reputation acquired by Miles Aircraft Ltd,1 located at Woodley, near Reading.


I had first met a Miles product when I carried out my elementary flying training in 1939 for the Fleet Air Arm on the Miles Magister, which I found a delight for such a task. This story now jumps to 21 December 1941, when I was a pilot flying Grumman Wildcat fighters aboard the escort carrier HMS Audacity, which was sunk by a German U-boat in the Bay of Biscay. I was subsequently on survivor’s leave, when I was recalled by Admiralty telegram to report to the RAE Farnborough to fly the Miles M.20 to assess its suitability as a possible fleet fighter.


I arrived at the RAE on 5 January 1942 and was handed over to Sqn Ldr Tobin, who had been assigned to show me over the M.20, bearing the Serial No. DR616. My first impression was of something that looked a sort of cross between the Hurricane and Spitfire, with a smaller wing span and a more pugnacious nose than either. However, its two striking features were the fixed undercarriage and the bubble type cockpit hood, the latter to become commonplace in fighters, but at that time a rare innovation. The aircraft was of wooden construction and powered by a Rolls-Royce Merlin XX engine.


Tobin showed me over the cockpit layout and said I should familiarise myself by flying it for about an hour, and then he would join me in a Hurricane for a spell of dogfighting.


In essence my report to the Admiralty expressed the view that the M.20, although surprisingly nippy in performance, could not match the Wildcat, Hurricane or Spitfire for manoeuvrability and did not offer enough speed performance over the Wildcat or Hurricane to give an offsetting advantage. However, my biggest misgiving was whether the wooden airframe could withstand the punishment of shipborne operations.
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The Miles M.20 with its innovative bubble cockpit canopy.


I was reasonably impressed with the M.20, but more so with the Miles design team when Tobin told me the aircraft was designed, built, and flown in 65 days, this being made possible by using Miles Master trainer standard parts, the elimination of hydraulics, and the fitting of a fixed undercarriage. The concept was to offer a fighter capable of speedy production if we suffered heavy fighter losses in the Battle of Britain. Indeed the M.20 had some very attractive advantages in that it could carry 12 × .303 Browning machine guns in the wings, 5,000 rounds of ammunition, and 154 gallons of fuel – virtually double the fire power and endurance of the Hurricane and Spitfire. These hard facts convinced me of the innovative expertise of the Miles team.


Although at that time I knew nothing of Tobin’s involvement in transonic flight testing, just to make conversation over lunch I asked him what he made of the popular subject in aviation journals of the possibility of breaking the sound barrier in the future. He shrugged his shoulders and said that some boffins believed it could not be done, and that was certainly so of propeller-driven aircraft because of the drag of the propeller, but most felt it would be possible with jet or rocket-powered aircraft.
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Britain’s first jet aircraft, the Gloster/Whittle E.28/39. It undertook a comprehensive test programme at RAE Farnborough between March 1944 and February 1945.


This gave me great food for thought, because by sheer chance I had witnessed the maiden flight of Britain’s first jet, the Gloster E.28/39, at Cranwell airfield on 15 May 1941, although I did not appreciate what it was at that time.


It happened like this – I was in 802 Squadron, equipped with Grumman Martlet (Wildcat) fighters, at Royal Naval Air Station Donibristle in the shadow of the Forth Bridge, and we were working up for our first operational assignment. But American designed aircraft had only a lap strap for pilot safety restraint and this was not deemed sufficient for arresting deceleration on an aircraft carrier. Modification was arranged to fit a full shoulder harness, but for this to be done each pilot had to fly his aircraft to Croydon airport, outside London.


I took off for Croydon on 14 May 1941 and ran into very bad weather near Lincoln and was lucky to creep into Cranwell before it clamped down. To my amazement the officers’ mess was alive with dozens of civilians, all looking and acting like conspirators, and I was roomed with a Flight Lieutenant Geoffrey Bone, who unknown to me was one of Frank Whittle’s team and indeed was the installation engineer for the jet engine in the E.28/39. He would not be drawn on what was afoot. Indeed it was not till the evening of the next day when the weather improved slightly that I saw the strange propellerless machine for the first time as it was wheeled out of the hangar and finally took off with a whistling noise for a short flight. On landing it was greeted by an RAF officer who was obviously a key player in whatever was going on. This then was my introduction to a machine I was eventually to test fly three years later at Farnborough, and to a man of genius who was the true inventor of the practical jet engine and with whom I was to enjoy an amicable working and social relationship for many years.


Today, when I look back on these past events, I get a strange sense of predestiny – 802 Squadron Wildcats; the E.28/39 historic first flight and the presence of Frank Whittle; flying the innovative Miles M.20 at Farnborough; meeting Squadron Leader Tobin who was to pioneer transonic flight testing at RAE. To my mind there is a clear line of connection running through those events which had an inevitability, culminating in my association with the Miles M.52 supersonic research project.
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A rare view of the Gloster E.28/39 being flown by Eric Brown on its last flight on 20 February 1945.





1.  Until 5 October 1943 the company was Phillips and Powis Aircraft Ltd.
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A big step into the unknown
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One of the first outline design drawings of the M.52, produced by Miles Aircraft.


My first official appointment as a test pilot was in mid-1942, at about the same time as the magnificent Spitfire Mark IX burst upon the aviation scene. This aircraft, with its two-stage supercharged Merlin engine, arrived at a crucial point in time to provide the increase in performance to match the ubiquitous Focke-Wulf 190, but also to allow the RAE’s Aero Flight to expand the scope of its transonic flight testing into Mach numbers of 0.80 and above.


The phenomenon of compressibility in connection with such work was now more fully understood. An aircraft in flight sends pressure waves ahead of it which part the air and let it through. At lower speeds this air has time to get out of the way, but at speeds approaching the speed of sound this can no longer happen. The air which was previously following the streamline around the aircraft now hits it directly and a wall of compressed air builds up ahead of it until it forms a barrier, which has to be pierced to attain supersonic flight. The amount of power required to break the sound barrier is considerable.


Compressibility effects show themselves in various ways, most generally by heavy vibration escalating into severe buffeting, followed by an increasingly powerful nose-down change of trim. This may need a two-handed pull to counteract it, or the use of a trim flap which if activated will effect a nose-up change of trim. This is a highly dangerous phase of flight testing and in combat operations has caused many fatalities.
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Shadowgraph of a compressibility shock wave on the wing of a Vampire at 540mph at 2,000ft, taken at dusk in April 1948 at RAE Farnborough.


It was at this stage in the RAE’s transonic flight test programme that the boffins felt confident enough to make plans for a supersonic research aircraft. They drew up specification E.24/43, which must be the shortest ever issued by the Ministry of Aircraft Production (MAP):





1.  Design and develop a new fast Research Aircraft powered by a W.2/700 + No. 4 Augmentor Whittle engine with bypass heating


2.  An all-up weight between 5,000 and 6,000lb.


3.  Target speed 1,000mph.


4.  Enough fuel to climb to 40,000ft plus ½ hour at 700mph.


5.  Monoplane with large tailplane, the tailplane to be all-moving, i.e. no elevator.


6.  Target date 9 months hence.





This specification was presented at an MAP meeting on 9 October 1943 to which F. G. Miles had been invited, and at which he was offered the chance to meet it. He was astonished at the target speed of 1,000mph, but did not wish to jeopardise the offer by querying this requirement. Research intelligence emanating from Germany had indicated that they were developing a high-speed aircraft:
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F.G. Miles learned to fly in the 1920s. In 1932 he went into partnership with Phillips and Powis to build light aircraft and became Technical Director and Chief Designer. He later took over the firm and it became Miles Aircraft, with his brother George as Technical Director.




‘The cruising speed of this aircraft is about 1,300kph (800mph) and its maximum 1,800kph (1,000mph) at a height of 18,000 metres. It should be able to fly from Berlin to New York in about three hours.’





Miles was now expected to submit a quick preliminary outline design of how the company envisaged meeting Specification E.24/43. Norbert Rowe, Director of Technical Development (DTD) at MAP, visited Miles at Reading on 6 November 1943 and was impressed by the design layout he was shown so that he proposed to Air Marshal Sir Ralph Sorley, Controller of Research and Development (CRD), the placing of a contract for two prototypes and parts for a third. This was agreed on 15 November 1943, and placed with Miles Aircraft on 13 December 1943 ‘as a matter of urgency’, although it was actually dated 29 December 1943.


In close aviation circles the award of the contract to Miles Aircraft Ltd of the world’s first supersonic research aircraft caused some consternation, for the company was hardly regarded as being in the big league of aircraft manufacturers. Long renowned for the design and construction of elementary and advanced training aircraft, Phillips and Powis Aircraft Ltd as the firm was known until 5 October 1943 – when the name was changed to Miles Aircraft Ltd – had never ventured into the tricky territory of high-speed aerodynamics. However, they would be strongly supported by the RAE scientists and facilities such as wind tunnels.


The reasons for the choice of this small company for such a vital project were three-fold. Primarily it was Hobson’s choice, for all the major aircraft manufacturers were at full production capacity to meet the demands to provide operational aircraft in the middle of a desperate war. Secondly, Miles had gained a reputation for innovative design as shown in the M.20 fighter and M.26L X.11 transport aeroplane. Thirdly, the company’s headquarters, factory and airfield were located at Woodley, on the outskirts of Reading, and reasonably near to Farnborough, thus making contact liaison with the RAE quite easy.


Once F. G. Miles had been slotted into this unique MAP project he wasted no time in springing into action. A fearsome challenge in the field of high-speed aerodynamics now faced the Miles team, and particularly for Dennis Bancroft, its Chief Aerodynamicist. To find the latest information on the subject a visit was made to Ronald Smelt of the Aerodynamics Department of the RAE. Dennis Bancroft now recounts the saga of the pursuit of transonic/supersonic enlightenment in Chapter 3.
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Miles M.26L X.11, a drawing of the projected transport.
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A steep learning curve
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Dennis Bancroft was Miles Aircraft’s Chief Aerodynamicist. He was responsible for the M.52’s aerodynamics.


To find the latest information on the subject, a visit was first made to Ronald Smelt of the Aerodynamics Department of the Royal Aircraft Establishment (RAE), Farnborough. He informed us that the RAE had no supersonic wind tunnels, and the highest wind speeds they could test were quite a way below the speed of sound, but they were showing the very rapid increase of drag at their maximum speeds of about Mach 0.8. He explained that the RAE had no method of measuring transonic drag as yet, but until one was found he thought that something like a 10- to 20-fold increase in drag was likely to be encountered, although the actual drag might well fall somewhat as the speed increased to over – say – Mach 1.1 or so.


This was why Smelt thought that there was very little likelihood of achieving anywhere near the 1,000mph with the latest Whittle engine.


Ronald Smelt said that though there was very little knowledge of transonic drag, a very thin wing and small frontal area of a fuselage would be essential. They had made a preliminary estimate of a small, thin-winged aircraft and, even for quite different drag estimates, always came out with a maximum level speed of about 600mph. Even doubling the thrust from Whittle’s engine would only increase the maximum level speed by 10 to 20mph, as the expected subsonic drag was assumed to rise so rapidly. Diving the aircraft would increase its speed, but not sufficiently to reach Mach 1.0. A design with a high ceiling appeared necessary, to give a slightly higher maximum speed in the dive.


We left the RAE rather depressed, as the information provided only confirmed the then general impression of the air-craft industry that the ‘sound barrier’ was impregnable to all, and Whittle’s engine was not nearly powerful enough to accomplish the job!


But all this pessimistic information was not based on any actual measurements of the conditions to be encountered, but only on extrapolation of data to an unknown area. Also, if this 10- to 20-fold drag increase was believed by the MAP, why should they be considering giving Miles Aircraft a contract for an impossible job?


The next visit was to the Aeronautical Department of the National Physical Laboratory (NPL), Teddington, to meet Ernest Relf and Dr Hilton, and an entirely different approach to supersonic flight was found. They had also been given details of the Whittle engine, and thought the project to reach 1,000mph realistic, but by no means easy.


The NPL had three supersonic wind tunnels working. The largest had a working section of 12 inches in diameter, but even that required so much power that it could only be run in the early hours, before 5a.m. The type of induced flow meant that the tunnel ran at one speed only, and major parts would have to be changed to obtain another speed. The tunnel models were usually bodies of revolution, in connection with ballistic work on bullets and shells at higher Mach numbers, and a model of a complete aircraft had never been tested. While they would be most interested in testing such a model, and could measure the drag and pitch forces, they would have no idea of tunnel correction, but comparing flight tests of the aircraft itself with the model tests would be most useful for the future.


Referring to information on supersonic aircraft design Ernest Relf recommended Ackeret’s Theory of Aerofoils Moving at Speeds Greater than that of Sound, as explained by Taylor in R & M 1467, published in 1932 and available to the public since then for about 3s. 6d. He said the simple theory of this report had been remarkably accurate for the applications it has been used for, and the lift and drag produced by this theory is reasonably correct. A range of other reports were shown, such as that giving Busemann’s theory1 covering second order terms, etc.


The available reports gave a real working set of theories to enable one to produce a realistic supersonic aircraft with reasonable confidence of the results. But – all this information applied only to stable supersonic flight above a Mach number of about 1.25. There were no reports or data for the transonic flow. Normal subsonic theories produced data up to – say – Mach 0.8 to 0.85, and entirely different theories provided what was thought to be accurate data from Mach 1.25 upwards. But what happened between Mach 0.85 and Mach 1.25 was another matter! Both subsonic and supersonic theories were completely wrong at Mach 1.0.


One factor was known about this region, and that was that the centre of lift for a lifting wing below Mach 0.8 was at approximately 24% of the chord,2 and at Mach numbers over 1.25 it had moved to approximately 50% of the chord. When this movement takes place – and how fast – was completely unknown.


Neither the NPL nor RAE had any method of finding what really happened in the transonic region. None of the wind tunnels could be run in this region and, when trying to increase or decrease speeds to this area, shock wave reflections and other unknown tunnel corrections completely defeated the obtaining of practical results.


I asked Ernest Relf if he had any idea of the magnitude of the drag increase at about Mach 1.0 or so, because the RAE thought it to be enormous, with a factor of about 10 or 20, but really could not give any good reason for this figure.


Ernest Relf’s opinion was that, although there was probably a small ‘bump’ of drag increase when passing through the speed of sound, it must be much less than that from his knowledge of ballistic experiments where bullets and shells had been fired and drag measured for many years and only small drag increases had been recorded. Of course, most of the work was on bodies of revolution and not lifting wings, but the order of the drag results should be similar. He recommended a visit to Dr Maccoll of the Armament Research Department (ARD) at Fort Halstead, where practical testing of ballistics was organised and a vast amount of transonic and supersonic data was collected. Dr Maccoll could probably give more information on the change of drag of a body of revolution throughout the speed range, as well as recommending shapes for bodies of minimum supersonic drag.
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Dr Busemann at Farnborough in 1947.


The plan view of a supersonic aircraft was discussed, and several alternatives considered. The smallest frontal area and very thin wings were, of course, essential, but Busemann, for example, had suggested at the Volta Congress of High Speed in Aviation, at Rome in 1935, that swept-back wings could reduce the onset of higher supersonic drag. He later describes a supersonic biplane, where the shock waves would theoretically cancel themselves out to a certain extent.


It was thought that a delta layout might, in time, be the most efficient for speeds of about Mach 1.5 and over, but would need years of development. The swept-back wing would be the best platform to ‘nudge’ into the sound barrier, but only if the maximum speed was Mach 1.2 or so. For a speed of Mach 1.5 the orthodox plan was preferable, as there would be fewer ‘unknowns’ and, provided there was sufficient engine thrust, a satisfactory outcome was more certain. The use of a bi-convex wing section might be necessary.


Ernest Relf said that it was obviously a compromise between what one knew and how far one might be pressed into the unknown to produce a satisfactory solution. He had used Whittle’s engine to produce a supersonic design, and to reach Mach 1.5 had used a small wing of aspect ratio of 3. I did think the lateral control at take-off and landing with such a small span might not be acceptable, but to increase the span would increase the drag.


The NPL produced a great deal of information on supersonic flight, with much of the data confirmed by experiment, but little about the transonic region. They recommended Dr Maccoll as the only real source of practical transonic knowledge.


On Sunday, the 17 October 1943, the Miles design team paid a visit to Power Jets at Brownsover, to discuss the supersonic project with Frank Whittle and his design team. The operation of the proposed special jet engine was described, but only a rough overall drawing was so far available. We would have to provide for a tubular engine, approximately 3ft in diameter and 18ft long, chiefly filled with flame at about 1,500° absolute (1,227°C). In particular, there could be no aircraft structure or controls, etc., passing through or across this 18ft long tube. The weight of the basic W.2/700 engine was given as 850 to 900lb plus the No. 4 Augmentor at 300lb and the remaining ducting at 100lb.
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Front view of W.2/700 engine.


The static thrust of the basic W.2/700 was now 2,000lb but a 25% increase was expected by next year, with the use of new turbine materials able to run at higher temperatures.


The existing W.2/700 plus No. 4 Augmentor unit was expected to give about 5,000lb thrust at 1,000mph at 36,000ft, and this was expected to be increased next year in a similar manner.
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Diagram of proposed special jet engine as propulsion unit for M.52.


[image: Book title]


Rear view of W.2/700 engine.
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M.52 power plant being prepared for test at Whetstone.
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Air Cdre Frank Whittle.


[image: Book title]


M.52 power plant running under test at Whetstone on 3 July 1945.


On showing Frank Whittle our first ideas on the general layout of the aircraft, which was much like the final design built, he immediately brought up his idea of considering the Busemann biplane layout and, instead of the all-moving tailplane, considered moving the angle of one complete wing relative to the other for longitudinal control of the aircraft.


We were silently horrified at the idea, as our principle was to incorporate as much as possible of current knowledge and minimise the unknown. And there was still plenty of ‘unknown’! We discussed the magnitude of using such a theoretical layout and the problems of just the low-speed flight, let alone transition and supersonic flight. We also pointed out that the specification required ‘a monoplane with large tailplane, the tailplane to be all-moving’. We expressed our opinion of our layout and that, provided a bi-convex wing would behave reasonably well at low speeds, the overall design should achieve the required 1,000mph, but would probably need to dive through the speed of sound. Any increase in the supersonic thrust from the engine would be welcomed.


The general discussion on the aircraft was left at that, and we went to Whetstone to see various jet test beds and a W.2/700 being started and run.


A visit to Dr Maccoll at the ARD at Fort Halstead in late October provided an insight into the vast amount of projectile data available for transonic and supersonic speeds. The majority of course, was for solids of revolution travelling at these speeds. The effect of shape was well documented.


The drag of bullets and shells followed a somewhat similar shape, with the fall of speed typically from the maximum launch speed at high Mach number. The drag reduced steadily with speed to – say – Mach 1.1, then fell more rapidly to perhaps half to a quarter of the drag when the speed had fallen to Mach 0.9. No high peaks, as suggested by the RAE, were ever found. In fact, where the RAE were saying they thought an increase in drag from Mach 0.9 to 1.2 was some 10- or 20-fold, Dr Maccoll’s data all showed an increase over the same speed range of only 2- to 4-fold. Dr Maccoll did emphasise, however, that frontal area was so much more important for transonic and supersonic speeds than subsonic ones. For example, supersonic drag increases roughly in proportion to the square of the thickness of the wing, compared to the square root of the thickness at subsonic speed.


Dr Maccoll confirmed the NPL’s general statement that the drag of a body was expected to be greater by a factor of 2 to 4 between a Mach number of 0.9 and 1.1, due principally to pressure waves, and many actual measurements confirmed this. He completely disagreed with the RAE’s thoughts of a 10 to 20 times increase. These high figures were just not borne out by measured results for thin sections.
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