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Introduction


In the German city of Hamburg on the night of 27/28 July 1943 over 40,000 people were killed, mostly incinerated or suffocated in their shelters, by a bombing raid that produced a ‘firestorm’, a conflagration of immense scale, consisting of numerous smaller fires combining to create a hurricane of high winds feeding into the fire. This raid had consisted of 787 aircraft from Royal Air Force (RAF) Bomber Command; forty-one turned back with various problems, and losses en route reduced them further so that a total of 731 bomb loads fell on the city, around 600 of them falling within the space of half an hour over a 2-square-mile (5.2sq km) area on an unusually dry and warm night. In total, 1,127 tons of high explosive and 1,199 tons of incendiaries fell on the city. Bomber Command lost twenty-one aircraft; four over the target itself and the remainder at various points on the journey to and from Hamburg, including four crashed or written off on return to their bases. These losses, over 100 young men dead or missing, were considered ‘light’. The raid was one of four of similar scale conducted over the course of a week, but, of the four, only this single raid produced such an immense level of death and destruction.


Around two years later, at 8.15am on the morning of 6 August 1945, a single bomb released from an American Boeing B-29 bomber took slightly less than a minute to fall 30,000ft (9,000m) before detonating around 2,000ft (600m) above central Hiroshima, an industrial city in southern Japan. In the blink of an eye a fireball expanded to a diameter of 1,200ft (370m). Everything flammable within a mile (1.5km) of the centre of the explosion (the hypocentre) burst into flame. Nearest the hypocentre, humans were reduced to shadows burnt into stone and concrete. The blast pulverized buildings, vehicles, people and anything else up to 11,000ft (3,350m) away. Only the strongest buildings, mostly constructed of reinforced concrete to resist earthquakes, survived the initial blast. Fires spread rapidly, consuming shattered buildings, fed by broken gas pipes and any number of flame sources dislocated by the blast; toppled stoves, lanterns, and so on. The fires merged into a firestorm, and within hours of the release of this single weapon 66,000 people were dead. Nearly 5 square miles (13sq km) of the city and 70 per cent of its buildings had been totally destroyed. The world had entered the age of atomic warfare. That single bomb was a primitive fission weapon, producing an explosive yield equivalent to somewhere between 13,000 and 15,000 tons (13,200 and 15,250 tonnes) of high explosive. Three days later a second atomic bomb was dropped on Nagasaki, and the Japanese surrendered within a week in the face of threats of further atomic bombings.


Over the next few years Great Britain struggled to recover not only from the direct destruction visited upon the nation by the Luftwaffe during World War Two, but also from the crippling economic costs incurred by fighting the war. Government spending on the armed forces was drastically cut back, the RAF in particular suffering from a lack of investment in new aircraft. There was one notable exception in 1945, when the English Electric company was awarded a contract to design and develop a jet bomber to replace the de Havilland Mosquito. During the war English Electric had impressed the government with its production of Handley Page Hampden and Halifax bombers, and had expanded its aviation activities by buying up the Napier & Son aero-engine company and by producing Vampire jet fighters for de Havilland. It was therefore not quite so surprising, perhaps, that English Electric, rather than one of the more established aircraft manufacturers, was given the job of producing the RAF’s first jet bomber, the Canberra.


The RAF’s strategic bomber force suffered badly, soldiering on with obsolete Avro Lancasters, and Lincolns that were little better. Only in 1947 did work begin on jet-powered replacements, a requirement that would result in the V-bomber trio of Vickers Valiant, Handley Page Victor and Avro Vulcan. Meanwhile, the Communist threat became ever greater, and, by the time the Canberra had flown, the Iron Curtain was firmly in place. Just months after the Canberra’s first flight, in August 1949, an atomic explosion bloomed over the Semipalatinsk test site in what is now northern Kazakhstan. The Russians now had The Bomb too.


Instead of being able to concentrate on recovery, the British nation was forced to prepare for a new war, one that would be fought not with bullets and high explosive but with atomic fire. The run-down of the country’s anti-aircraft gun sites that had begun with the end of World War Two was halted, and hundreds of new gun sites were built to protect the major cities and industrial areas. Across the country spread a sophisticated network of radars, antiaircraft guns and hardened bunkers. Stores of the supplies that would be needed after an atomic attack – food, clothing, and so on – were secreted in various locations. Large numbers of fire fighting vehicles were dispersed in depots located at safe distances from expected targets. The government put in place plans for running a country torn apart by an atomic attack, devolving responsibility to individual regions in the event of central government being obliterated.


The 1950s began with the shock of the Korean War, which kick-started the British aviation industry back into wartime production, albeit at a much slower rate than during World War Two. More complex aircraft and engines inevitably took longer to produce, and cost much more than their ancestors. An atomic war was a horrifying prospect but it was not unthinkable, and, more importantly, the government did not believe it was unwinnable. This all changed on 1 November 1952, when the USA detonated its first full-scale hydrogen bomb. A basic fusion weapon, it was nonetheless around 450 times as powerful as the bomb used against Hiroshima, and when the Russians began tests of similar weapons in 1955 it was horrifyingly clear that the nightmare of an atomic attack upon Great Britain was as nothing compared with an attack with the new ‘H-bomb’, and the existing defences were laughably inadequate.


A massive construction programme began that would end with nearly 2,000 underground bunkers scattered across Great Britain, most of them being fall-out plotting and monitoring bunkers manned by Royal Observer Corps personnel. They afforded little but basic fall-out protection for the volunteers staffing them; facilities within were primitive, but at the end of the day it was the national will demonstrated by having such a network that was the most important thing. Part of that national will was also the demonstration that Great Britain had the means to support the North Atlantic Treaty Organization (NATO) in a European conflict. The RAF and Army were far too small to be a viable threat to the Soviets, and the whole of NATO would still be hopelessly outnumbered. NATO doctrine recognized that only tactical nuclear weapons could restore the balance. Thus Great Britain had been placed into a situation where it was operating mostly outmoded aircraft, fielding outmoded weapons, as part of an alliance facing a numerically superior enemy armed with the ability to turn much of Great Britain into a firestorm during just a few hours of unrestricted warfare.


For the RAF’s part it was clear that the Canberra, although it was an excellent aircraft, was living on borrowed time. Soviet defences were improving all the time, and improvements in radar and missile technology would soon make the Canberra obsolete. The RAF desperately needed a modern bomber that could survive in the increasingly sophisticated defence environment of a European battlefield and pack a big enough nuclear punch to redress the numerical imbalance that NATO troops faced.


This was the world into which the TSR2 was to be born.




CHAPTER ONE


Beginnings


In September 1951, with the Canberra shortly due to reach RAF squadrons in quantity, the RAF’s Directorate of Operational Requirements (DOR) began looking at the prospects for a new light bomber to replace the Canberra in due course. It has traditionally been the case that the RAF has always looked ahead for a replacement type as soon as possible after the existing type has begun to enter service (sometimes even before that milestone was reached). Air Commodore H.V. Satterly at DOR started the ball rolling with a Minute to his staff at the Directorate, asking them start thinking about policy for the Canberra replacement. In it he pointed out that the RAF’s Aircraft Research Committee had already begun a study on the pros and cons of a low-altitude bomber, though current policy was that bombers had to be able to evade or fight their way through defences, and the low-altitude bomber concept was designed to evade only.


A paper entitled ‘An Appreciation on the Requirement for a Future Light Bomber’ was produced in July 1952. It laid out the need for a light bomber with a primary role of the delivery of atomic weapons; with the highest performance possible, particularly at low altitude; and the capability to be adapted to secondary roles without compromising its primary role. This was the first real hint of what was to become the TSR2. The paper specifically referred to replacing the Canberra, ‘now in Service and already to some extent technically obsolete’, with the new aircraft expected to be in service by 1958 and having a useful front-line life of about four years, until 1962. The RAF mindset at the time was still stuck in the 1940s, when an aircraft type’s useful life was sometimes measured in months rather than years; certainly never in decades.
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The English Electric Canberra. The RAF expected the type to be obsolete by 1965 and completely worn out by 1970. This is B.2 WK163, which set a world altitude record in August 1957 with the aid of a Napier Double Scorpion rocket engine. This aircraft had a varied trials career, including linescan development work, before being finally retired, still not worn out, in the 1990s. It began a civilian career as G-BVWC in 1994 with Classic Aviation Projects, and is seen here being displayed at Duxford in 2008 just before being grounded by lack of suitable replacement Avon 109 engines. Damien Burke


Some of the more interesting aspects of the paper included an appreciation that, when it came to carrying small atomic bombs, the ‘best bomber for any task is broadly the smallest and cheapest that is capable of the required range and accuracy’, and that surface-to-surface guided weapons, or ‘expendable bombers’, could well fulfil the primary role, though accuracy and the attack of fleeting targets would be a challenge. Attacking moving targets and targets of opportunity would not be possible for an unmanned system of any kind, and even the best blind bombing system would also be unsuitable for this kind of task, which would demand visual bombing. Visual bombing accuracy depended greatly on going in at low altitude, and as high-altitude operation was also no longer a means of protection from fighter attack, it was clear which way the wind was blowing. As for weapons carriage, guided bombs would demand control surfaces and economy would demand a small fuselage, so external carriage rather than an internal bomb bay was expected to be the result.


By March 1953 a draft Operational Requirement (OR) had begun to be worked on, based on the Future Light Bomber paper, which blithely (and, as it transpired, inaccurately) declared that the Canberra ‘is rapidly becoming outdated and has no potentialities for further important development’. Clearly the writer of that requirement did not expect the Canberra to be in RAF service more than fifty years later (albeit purely in the reconnaissance role). The draft requirement called for a new aircraft capable of striking up to 500nm (575 miles; 925km) behind the enemy front line, in all weathers, day or night, with priority given to low-level performance, and relying on speed, routeing and manoeuvrability to protect it from enemy defences, as no defensive armament was to be carried (by this point, evade or fight had become simply evade). A cruising speed of 600kt/690mph/ Mach 0.9 was needed, with supersonic bursts of Mach 1.4, and runways of 2,000yd (1,850m) length should be adequate, including pierced steel planking (PSP) or similar improvized surfaces. For 1953 this was all pretty advanced stuff, but the RAF’s dated mindset still showed in other aspects of the draft requirement. These included references to the navigator being provided with a crash station should his normal position be unsuitable; the provision of Gee Mark 3 in the radio fit for the marshalling of bomber streams; and armour to protect against cannon attack from below (as per the Schräge Musik upward firing night-fighter cannon used by the Luftwaffe in World War Two). Weapons were to include four 30mm cannon and various items fit for particular roles, e.g. Blue Jay (Firestreak) missiles for the intruder role, rockets and bombs for interdiction or Pentane torpedoes for anti-shipping strike. Production was to begin in 1958, and the aircraft needing to be in squadron service by 1959 at the latest, when the Canberra was expected to be on its last legs.


Coincidentally, in January 1953, as part of development work for an improved Gloster Javelin fighter (the ‘Developed Javelin’) which was being designed to satisfy Specification F.153D, Glosters had submitted a proposal to use a variant of this new ‘thin-wing’ Javelin as a light strike aircraft, and this attracted a great deal of Air Staff interest. By July 1955 OR.328 had been drafted around Gloster’s bomber-Javelin proposals, the broad intention of which was to provide a bomber capable of delivering a tactical nuclear weapon (to OR.1127, the requirement that would result in the atomic bomb later known as Red Beard) in the face of modern air defences, at long range (the target was to be up to 1,000nm (1,150 miles, 1850km) away from base, twice as far as the early drafts of the Canberra replacement requirement), in adverse weather by day or by night. Deletion of fighter equipment such as the huge radar and wing guns would enable the carriage of an extra 2,600gal (11,820L) of fuel (for a total of 4,000gal (18,185L) and the fitting of Bristol Siddeley Olympus 6 engines. A single tactical nuclear bomb would be carried externally, slung under one of the wings, with a drop tank balancing it on the other side and further drop tanks under the fuselage. The in-service date was still required to be 1959.


Simultaneously, work was under way to see what, if anything, could be done to upgrade the Canberra, concentrating on the addition of a blind-bombing system so that the type would have much improved tactical capability at night and in bad weather. However, as the RAF fully expected the type to be out of service in less than a decade, it looked like any serious effort to upgrade it would be wasted, as any sufficiently advanced blind-bombing system would take so long to develop that the aircraft would be nearing retirement by the time it was available. Development of the Bomber/Interdictor versions of the Canberra was rushed through as a stopgap measure, the definitive B(I).8 version entering service in RAF Germany with American ‘Project E’ atomic weapons during 1957.


Unfortunately for Gloster it also soon became clear that the company could not get its thin-wing Javelin bomber into service until 1961. Moreover, a variety of problems, such as dealing with low-level flying and its effect on fatigue life, crew comfort and equipment reliability, had not been fully addressed in Gloster’s proposal. The firm considered that an aircraft with an all-up-weight of 70,000lb (31,750kg) and carrying 4,000gal (18,185L) of fuel would only be able to manage a radius of action of 1,000nm (1,150 miles, 1850km) if most of the flight was to be at high level, and any improvement would entail a complete redesign. As OR.328 required a combat radius of at least 1,000 miles, mostly flown at low level, the bomber version of the thin-wing Javelin did not get far. The Defence Research Policy Committee recommended cancellation of the requirement in late 1955, and when the Chiefs of the Air Staff met in March 1956 they accepted the recommendation. On 11 April 1956 OR.328 was formally cancelled.


The procurement process


The usual process of procuring a military aircraft for the RAF began in the Air Ministry, where the Air Staff (RAF officers) would begin formulating a rough requirement. The result would be an Air Staff Target (AST), which gave a broad outline of what they were after and formed the basis for feasibility studies at industry level, usually submitted in the form of detailed brochures. Assuming these found that the target was a practical and viable proposition, the next step would be to formulate a more detailed Air Staff Requirement (ASR, also often referred to as an Operational Requirement or OR) and award a project study contract to a single firm. The aim of this study was to make an extremely thorough and detailed investigation of the scientific and technical problems involved, and produce a detailed development plan including estimates of cost, timescale and manpower requirements. Assuming this study was approved by all concerned in the Air Ministry (the Air Staff, Operational Requirements department and so on) and Ministry of Supply (MoS, the ministry responsible for the procurement of military aircraft, replaced by the Ministry of Aviation (MoA) from 1960), it would be recommended to the Secretary of State for Defence, who would then ask for Treasury approval to proceed.


The Treasury’s job, of course, was to resist spending money, and this would prompt further investigation into the requirement and whether the new project was really needed, including political input. Assuming Treasury authority was finally granted, the next step would be the awarding of a Development Contract to the firm, covering work on a number of prototypes or a development batch of aircraft. While the company was working on these it would be negotiating a Production Contract, approval for this also having to go through the Treasury and thus requiring further investigation and justification from the Air Ministry. At any point in the process continued Treasury co-operation could never be taken for granted, and political decisions could overrule any requirements at any point. Thus it was not uncommon for projects to get as far as the Development Contract stage, with prototypes under construction, and then be cancelled without further ado, sometimes even before the prototype had flown.


All of this took time, and the replacement of the Canberra was becoming an ever more urgent requirement. Within just a handful of years the Canberra would be obsolete and only the V-bomber force would be able to deliver, in ad hoc fashion, tactical nuclear weapons. Both the Air Staff and the MoS needed to find some way of shortening the process.


General Operational Requirement No. 339


The DOR now began work on a report defining its future tactical bombardment requirements, and whether they could be fulfilled by an all-new aircraft, a guided weapon or an off-the-shelf aircraft. The Assistant Chief of the Air Staff within the Operational Requirements department was H.V. Satterly (by then promoted Air Vice-Marshal), who had already looked at a new design from Blackburn Aircraft, the NA.39/B.103 low-level strike aircraft being designed to satisfy a naval requirement. Satterly and the Air Staff were unimpressed with the NA.39, considering it ‘not much of advance on the Canberra’ with high-altitude performance ‘handicapped by either lack of span or too early drag rise’. Blackburn had suggested an improved version with redesigned wings and tail, but would not be able to get it into the air until after 1960, again too late. Thoughts turned towards acquiring a suitable aircraft from the USA, preferably as a ‘free gift’. The Convair B-58 Hustler was just about to make its first flight and was considered by Satterly to be the only viable contender, and some quiet efforts were made to find out what sort of performance it was likely to have. However, the B-58’s flight-testing turned into a protracted affair, and it had not been designed for conventional strike, nor low-level operation. It was also a big and expensive aircraft, and the RAF soon lost interest. The B-58’s impressive high-altitude speed and range was drastically reduced when it was later operated at low level, validating the RAF’s loss of interest at the time.


[image: image]


Blackburn’s brochure model of its B.103 design to NA.39. While obviously a Buccaneer, the B.103 differed in many ways from the prototype airframes that Blackburn actually built, and the production marks S.1 and S.2 differed further from those. BAE Systems


In October 1956 English Electric began discussions of its own with Mr Handel Davies at the MoS about their ideas for a Canberra successor. The talks centred on an aircraft capable of up to Mach 1.3 with a radius of action of more than 350nm (400 miles; 64km) at sea level, carrying conventional or atomic weapons, or reconnaissance equipment (cameras or electronic sensors). Rolls-Royce Conway engines, then in development, were suggested as a powerplant. The target in-service date of the first version would be 1964, a much more realistic prediction than any of the RAF’s ideas up to this point, and various versions covering different roles were envisaged. English Electric’s initial sketches were of an aircraft with straight, shoulder-mounted wings, podded engines slung under each wing and a high tailplane, though it was also asked to consider a development of its P.1B to do the job.


Within the Air Ministry’s Operational Requirements department the discussions prompted the generation of a new ‘General’ OR, GOR.339, a file on this being first recorded on 28 November 1956, covering the need for a tactical strike and reconnaissance aircraft. A GOR was more of an American concept than the traditional Air Staff Target, but was similarly intended to be the basis upon which various firms would tender designs, and would be the solution to short-cutting the more usual lengthy procurement process. The most interesting aspects of the firms’ submissions would be used to create a more detailed OR to then proceed with. Another bonus would be that, if any of the requirements in the GOR were felt by all the firms to be technically too difficult or expensive, those requirements could be amended or dropped to make sure the project as a whole was feasible.


Feelers were also put out to the various tactical air forces and commands within the RAF, and also to the Army, to gain a better idea of just what type of aircraft was going to be needed. English Electric had another meeting in January 1957 with Gp Capt Wheeler of the Air Staff (Deputy Director of Operational Requirements; DDOR) and Handel Davies, which further firmed up the requirement to cover a two-seat strike aircraft, carrying a single ‘Target Marker Bomb’. This was the hilarious euphemism then in use for the atomic weapon to OR.1127 that came to be known as Red Beard. (Admittedly, any target hit with such a weapon would certainly be marked in fine style.) A conventional bomb load was also called for, of four or preferably six 1,000lb high-explosive (HE) bombs. Combat radius was to be 600nm (690 miles; 110km) at low level with a speed of Mach 0.9 (with a Mach 1.3 burst) or 1,000nm (1,150 miles; 1,850km) combat radius at higher altitudes and Mach 1.5. Short takeoff, or even vertical, would be needed, to operate from strips just 1,000yd (900m) long (for the shorter sortie), and the first mention was made of possibly catering to Royal Navy (RN) needs at the same time.


English Electric had a further meeting with OR and the MoS on 30 January, after a conference on P.1 development. The importance of the low-level requirement was restated, and English Electric realized that a developed P.1B (the P.18 that it had been working on) would not be up to the job in terms of combat radius or short takeoff and landing (STOL) performance. Work on it was discontinued so that the company could concentrate on a far more elaborate design, Project 17. English Electric also pointed out that vertical take-off and landing (VTOL) and any formal preparation of a requirement followed by a prolonged design competition would both rule out any possibility of getting a new aircraft into service by 1964.
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English Electric P.1B XA847 in flight near Warton. Compared with the earlier P.1, the P.1B had gained the familiar circular intake with radar bullet centrebody, and is seen here flying ‘clean’ before the addition of the belly fuel tank. via Warton Heritage Group


By February 1957 the requirement was solidifying into a primarily low-altitude-penetration concept, though Bomber Command wanted to retain high-altitude capability. The Royal Aircraft Establishment (RAE) had been brought in to rough-out a baseline design that could be used to evaluate any submissions from industry. A number of studies had also been carried out of aircraft of interest, such as the Saunders-Roe F.177D (rocket fighter) and Fairey ER103 (the Fairey Delta 3 fighter), both submissions to OR.329 (an all-weather interceptor requirement), to see if they had any possibility of being used in the ground-attack role, and also of a Short Brothers design for a VTOL low-level strike aircraft.


English Electric also completed project report P/103, entitled ‘Possibilities for a multi-purpose Canberra Replacement – Aircraft Project P.17’. This summarized the impressive success of the Canberra, touched briefly on the fact that, despite its many versions, the interceptor version had never been fully developed, addressed the question of whether manned aircraft were still required in the ballistic-missile era and answered that with a firm ‘yes’. Missiles were inflexible, and just one part of a deterrent strategy. Being able to reconnoitre and strike accurately at enemy headquarters, missile bases, aerodromes, etc., was all part of the deterrent, and there seemed still to be a requirement for a manned aircraft ‘in the tradition of the Canberra’. Keeping development costs reasonable by using Canberra and P.1 experience, and producing an aircraft of maximum flexibility would be the key, ensuring foreign sales and a reduction in the cost to the RAF. The P.17 was then described. At this point the P.17 had obvious P.1/ Lightning inheritance, with a similar tailplane and fin and a delta mainplane that was effectively the Lightning mainplane with the area between the trailing edge of the wingtip and the fuselage filled in. The fuselage, however, bore no such similarities, being much longer, with side-by-side engines and quarter-cone intakes hidden under the wings. Unsurprisingly, given the aircraft’s P.1 ancestor, English Electric mentioned the possibilities that it would have as a fighter with long endurance (30min at Mach 1.6 instead of 5min for the P.1). In what would become a common theme, the company also pointed out that keeping a multi-role strike aircraft affordable would require the use of much off-the-shelf equipment, rather than specifying masses of exotic new kit, such as terrain clearance radar. The various strike, interdiction and reconnaissance missions could be carried out by differing equipment packs fitted in a large bomb bay; cameras, cannon, etc.


Interim submissions


In March 1957 the first draft of the GOR was also passed to de Havilland, Vickers, the Hawker-Siddeley Group and Blackburn, though Handel-Davies at the MoS was already concerned that the mix of low-level and high-altitude use, plus huge combat radius, was going to lead to a very large aircraft. Each firm duly submitted proposals to upgrade some of its existing aircraft to provide interim types to satisfy at least some aspects of the GOR. De Havilland offered a developed DH110 (Sea Vixen) and Vickers offered a developed N.113 (Scimitar). Hawker followed up with a proposal of its own based not upon an existing type, but upon one then in early development, the P.1121. The Admiralty had also raised the question of the RN’s upcoming new strike aircraft. When this submission arrived in April 1957 it turned out to be, to the RAF’s displeasure, Blackburn’s B.103 again, though this time Blackburn submitted a brochure containing not only the standard B.103 but also a slightly developed variation of it. English Electric’s P.18 was also briefly looked at, but not seriously considered. It is worth describing these four early submissions (plus English Electric’s P.18), even if they were only regarded as interim solutions to GOR.339, as they exposed attitudes that would have long-term consequences.
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A general-arrangement drawing of the Blackburn B.103A of April 1957. Damien Burke


Blackburn and General Aircraft B.103 / B.103A


Blackburn, for the second time in two years, submitted its polished and detailed B.103 brochure, putting forward the standard B.103 as before plus the B.103A, a developed version. The B.103 was destined to satisfy Naval Air Staff Target No. 39, abbreviated as NA.39, which was also the designation the aircraft was widely known by. The NA.39 was a carrier-borne naval strike aircraft primarily designed to deliver a nuclear weapon against a Soviet warship at sea or in inshore waters, or perhaps against a well-defined shore target. It had to be tough and it had to be capable of penetrating the formidable defences of a Soviet warship group. It was no wonder Blackburn thought it a good fit for the RAF’s requirement for a tactical bomber.


For the standard B.103 the normal takeoff weight would be 40,000lb (18,000kg), though an overload condition with two externally carried 300gal (1,365L) fuel tanks, full internal fuel and a Target Marker Bomb would bring it up to 45,000lb (20,000kg). The NA.39 had originally been intended to carry a pair of underwing missiles fitted with the Red Beard warhead, missiles named Green Cheese. Never let it be said that nuclear war is an entirely humourless business!




Leading Particulars: Blackburn B.103








	Length


	61.5ft (18.75m) 
(51ft (15.5m) folded)





	Height


	16ft (4.87m) 
(17ft (5.18m) with wings folded)





	Wing span


	42.5ft (12.95m) 
(20ft (6.09m) folded)





	Wing area


	500sq ft (46.45sq m)





	Wing aspect ratio


	3.58





	Tailplane span


	14.2ft (4.33m)





	Tailplane area


	75sq ft (6.97sq m)





	Tailplane aspect ratio


	2.7





	Engines


	2 × 7,000lb (32,000kg) 
s.t. Gyron Junior PS43





	Max speed


	640kt (740mph; 1,185km/h) 
at sea level, Mach 0.98 at 
30,000ft (9,000m)





	Empty weight


	22,290lb (10,115kg)





	Max AUW


	46,000lb (20,865kg)
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Blackburn B.103 production components. The design was broken down into components small enough to be readily transportable by road between the company’s Brough and Dumbarton works or those of subcontractors. Most of the aircraft was to be of conventional construction, just the wings and tail surfaces being milled from solid alloy billets with integral stiffeners. BAE Systems


With a full load of fuel and the means to mark a target to bits, the NA.39’s combat radius would be 650 miles (1,050km) (or 725 miles (1,170km) if 400gal (1,820L) external tanks were fitted). The aircraft was basically subsonic, able to cruise at Mach 0.85 with bursts at Mach 0.94, and to just nudge past Mach 1.05 in a dive. Take-off performance on a normal runway rather than an aircraft carrier would be in the order of 1,650yd (1,500m) under standard atmospheric conditions, boundary layer control by blowing forming an essential part of the aircraft’s take-off and landing performance. It is noteworthy that this performance, apart from the inability to carry out a supersonic fighter evasion sprint or tool along at high altitude, waiting to be blown apart by a missile, pretty much met all of the needs of the first OR drawn up for a Canberra successor.


A crew of two operated the aircraft, which had a Blue Parrot search and ranging radar capable of picking up discrete targets such as ships at sea or large buildings on the shore and a Yellow Lemon Doppler navigation system. The accuracy of this system was not good enough on its own, and visual references and map reading would be an essential adjunct to the Doppler. Thus attacking a target at night or in poor weather would be a difficult, if not impossible, task. An internal bomb bay with a rotating door could accommodate the Target Marker Bomb or four 1,000lb HE bombs, with additional capacity under the wings for further bombs or rockets (though the latter would result in considerable reductions in range). The aircraft would be capable of a reconnaissance role by carrying a battery of five F.95 cameras facing in various directions and having various focal lengths, or a single FX.100 night camera with 200 flash cartridges. Blackburn was predicting a Controller (Aircraft) (CA) release date of 1960 for the NA.39, and expected to be able to begin deliveries to the RAF in 1961. The cost per aircraft would be £0.5 million, and no additional research and development would be necessary as it was already well under way for the RN.


The B.103A was to be a de-navalized version more suited to RAF needs. Wing folding would be deleted, providing an unbroken wing with more room for internal fuel. An extension to the fuselage behind the cockpit would accommodate extra fuel, and the existing rear-fuselage tanks would be enlarged to balance things out (this extension was later incorporated into the standard NA.39). An improved Gyron Junior engine with 10 per cent more static thrust would be fitted. All of these changes gave the aircraft a 300gal (1,365L) increase in internal fuel, bringing take-off weight up to 48,000lb (20,000kg) and combat radius to 850 miles (1,370km), with the ability to carry all the weapons and reconnaissance kit that the standard B.103 could do, with the addition of a pair of F.96 cameras and eight 8in photo flashes. The all-important take-off run would unfortunately be extended by 50yd (46m) to 1,700yd (1,550m). The additional research and development (R&D) necessary for this version was expected to cost in the order of £5.5 million (including five development batch aircraft at £0.75 million each) and require an additional two years of design effort (to be run in parallel with existing B.103 work, hopefully putting deliveries no later than 1961/1962).


Needless to say, a minor variation to an aircraft the RAF had not wanted two years previously did not go down too well, of which more shortly.


De Havilland Aircraft Company Developed Sea Vixen


De Havilland’s existing Sea Vixen was entirely unsuitable, with a ridiculously inadequate 175-mile (280km) combat radius at low level and an expected short fatigue life in these conditions. It was, after all, designed to be a medium- to high-level interceptor, and had relatively low wing loading. However, de Havilland submitted a proposal for a development of the Sea Vixen, termed a ‘Tactical Bomber and Photographic Reconnaissance Aircraft’, suitable for both carrier- and land-based operations. Compared with the Sea Vixen this version would have a 6.75ft (2.05m) nose extension (making room for an additional 850gal (3860L) of fuel), a repositioned nose fold (so it could still fit within existing carrier deck lifts), permanent wingtip tanks (with slightly shorter wings so that the overall span remained identical), additional fuel tanks within the wing near the tips, and increased capacity for the existing outboard wing tanks. Measures to improve take-off and landing performance consisted of extra droop on the wing leading edge inboard of the existing wing fence, flap blowing, a larger elevator, a Spectre rocket for take-off assistance and a braking parachute for landing. To deal with the low-level role the structure would be beefed up, using different materials and thicknesses where appropriate (and entailing a complete redesign of the centre fuselage), the navigator/observer would be given a larger window to aid visual navigation, and sprung supports would be introduced for crew seats and instruments. The existing Rolls-Royce RA24 Avon engines could be replaced by the RB133, then under development for the Canberra PR.9, but equally could be left alone. Take-off weight would be 60,000lb (27,000kg) (compared with 40,000lb (18,000kg) for the standard Sea Vixen), with a combat radius of the full 1,000 miles (1,600km) required by GOR.339 if a pair of 250gal (1,140L) drop tanks were carried. Like the B.103, the aircraft would be subsonic at low level, cruising at Mach 0.85 with dashes at Mach 0.95. Above 14,000ft (4,250m), however, it could manage Mach 1.2. The take-off distance would be 1,050yd (960m) with rocket assistance or 1,400yd (1,280m) without, increasing to 1,700yd (1,550m) if the existing RA24 engines were retained. De Havilland expected a fatigue life of up to 1,000 operational hours, more than that of Blackburn’s B.103 or B.103A.
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A general-arrangement drawing of the de Havilland DH110 Sea Vixen development of March 1957. Damien Burke


As with the B.103, the two-man crew would be retained, but navigation equipment was improved with Decca, a Ground Position Indicator (GPI, a basic moving map) and Doppler. Beyond Decca ground station range, accuracy would be as limited as that of the B.103. Limited fuselage space allowed only a shallow bomb bay, so a Target Marker Bomb would be only semi-recessed in the belly with around half of the weapon exposed to the airstream, introducing possible thermal issues at high speed and safety issues during take-off and landing (the Vickers-Supermarine Scimitar would be subject to a ban on carrier landing with a Red Beard under the wing because of similarly restricted ground clearance). The small bay could, however, fully accommodate a pair of 1,000lb HE bombs, and two more could be carried on the wing pylons (though with reduced full fuel load). Alternatives included up to ninety-six 2in rockets underwing or twenty-four OR.1099 rockets. In the reconnaissance role the aircraft was to be fitted with a permanent forward-facing F.95 camera in the nose (the airborne interception (AI) radar would not be fitted), with an optional fit of a pair of either F.95 oblique cameras, F.96 day cameras with 24in lenses or F.97 night cameras with 400 photo-flash cartridges.




Leading Particulars: Developed Sea Vixen








	Length


	59.5ft (18.14m)





	Height


	11.5ft (3.5m)





	Wing span


	50ft (15.24m) 
(including tanks)





	Wing area


	611sq ft (56.76sq m)





	Wing aspect ratio


	4.1





	Engines


	2 × 13,880lb (6,300kg) 
RB.133





	Max speed


	Mach 1.2 @ 25,000ft 
(7,600m)





	Empty weight


	Not stated





	Max AUW


	62,080lb (28,180kg)










[image: image]


This photo of a Sea Vixen FAW.1 carrying a Red Beard ‘shape’ gives some idea of the challenges of carrying a bomb of this size on a relatively small strike aircraft. BAE Systems


Work on the existing Sea Vixen was well under way and aiming at CA release by the end of 1958. De Havilland had already started work on a mock-up of the developed version, and claimed it would be able to get it into service by 1960 at a cost of £0.5 million per aircraft, with R&D costs of around £5.5 million (including five development batch aircraft). This was a particularly attractive concept, as the RN could also operate the uprated version, though it would need to keep maximum weights down by launching aircraft with a restricted fuel load, flight-refuelling them once airborne. However de Havilland’s estimates were so optimistic that they raised eyebrows even among a normally sceptical RAF, something no doubt not helped by the RAF knowing of the protracted development period the Sea Vixen had already suffered, albeit due in part to the RAF’s own indecision when choosing between the Javelin and DH110 for their own interceptor needs.


English Electric P.18


English Electric’s P.18 was a minimal modification of its existing P.1B (and internally was described as ‘P.1 LABS version’), given extra fuel capacity (in tip tanks, roughly pencilled in on the only relevant drawing found to date) and carrying a single Target Marker Bomb semi-recessed in the ventral tank. Each tip tank held 100gal (450L) of fuel, extending the basic aircraft’s pitiful combat radius. To try and eke out the aircraft’s endurance, operation of the P.18 would be rather different from its fighter brethren, and take-off and climb would both be performed without the use of reheat and speed limited to Mach 0.9 with the tip tanks still attached. Once these were empty and jettisoned, speed could rise, but only to Mach 1.3. With the aircraft at an all-up weight (AUW) of 37,500lb (17,000kg) its take-off roll would be a whopping 2,000yd (18,290m). Assuming an entirely low-level and subsonic sortie at Mach 0.9, this would result in a combat radius of a mere 190nm (220 miles; 350km), so it was no wonder that English Electric wasted no further time on this idea. It was not seriously considered by the Air Staff either.


Vickers-Armstrongs Aircraft Developed Scimitar


The RAF must have felt under siege, with the third design submitted being a development of yet another naval type, the N.113 Scimitar. In terms of GOR.339 the standard Scimitar would have been pretty useless owing to a miserly 200nm (230-mile; 370km) combat radius when loaded up with full internal fuel, two 150gal (680L) and one 200gal (910L) wing drop tanks and a single Target Marker Bomb under the port wing.


Vickers, however, had been working on an improved version of the Scimitar for the RN even before the type entered service, and had put together a brochure entitled N.113 Developments, covering three major variations. The first was the Type 562, much like the existing Scimitar F.1 but with a new pointed nose radome containing an AI.23 search radar and huge 500gal (2,270L) slipper tanks under the outer wings. The second was the Type 564, similar to the 562 in most ways, but with Blue Parrot radar and Gyron Junior engines instead of RA.24s. The third was the Type 567, a two-seat version of the 564 with side-by-side seating (to keep the length the same and stay within carrier deck lift limits), with optional extra weapons pylons under the wings near the fuselage (thus retaining four pylons for stores use when the slipper tanks were fitted).




Leading Particulars: Vickers Type 565








	Length


	62.2ft (18.96m)





	Height


	15.75ft (4.8m)





	Wing span


	37.2ft (11.34m)





	Wing area


	485sq ft (45.06sq m)





	Wing aspect ratio


	2.84





	Engines


	2 × RA24 Avon





	Max speed


	Mach 0.98





	Empty weight


	Not stated





	Max AUW


	49,600lb (22,500kg)
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A general-arrangement drawing of the Vickers-Armstrongs N.113 Scimitar development of March 1957. Damien Burke


While these had all been aimed at the RN, Vickers could see the possibilities in offering such an aircraft to the RAF, so in parallel it had produced another brochure, entitled N.113 Development, Tactical Bomber for the Royal Air Force. This described a subtly different development, the Type 565, another two-seat aircraft powered by RA.24 Avons and with the large 500gal (2,270L) slipper tanks and extra pylons. The Scimitar’s four cannon would be deleted to make room for extra internal fuel. The canopy was initially sketched as being smoothly curved, unlike the ‘double bubble’ of the slightly later Type 567, but later drawings of the 565 incorporated the 567’s canopy. For navigation, target identification and attack there would be a moving-map addition to the existing Doppler, a search radar based on the AI.23 being used on the English Electric P.1 and, perhaps most radically, a partly automatic flight control system that could fly the aircraft through an atomic attack release manoeuvre (the Low Altitude Bombing System – LABS). Adding a navigator/ observer greatly relieved the pilot’s workload, and was considered essential by the RAF in any case. As with the B.103 and DH110, however, final attack was going to be primarily based on a visual search within the vicinity of the target.


Up to 2,000lb (900kg) of weight was saved compared with the 567 by deleting the naval equipment such as folding wings and arrester hook, which gave improved performance all round. Take-off weight would be 48,500lb (22,000kg), with a combat radius of up to 740nm (850 miles; 1,370km) (high-altitude sortie, descending only to attack). Combat radius for a low-level sortie would be between 430 and 560nm (495 miles/795km and 645 miles/ 1,040km), depending on speed (the higher figure being for a sortie with much of the cruise carried out at 300kt (345mph; 555km/h) with one engine shut down to save on fuel). Cruising speed would be Mach 0.83, with dashes at Mach 0.93. The take-off distance would be within 1,500yd (1,370m) with rocket assistance, or 1,940yd (1,775m) without.


No specifics on fatigue life were mentioned, as tests were still under way on the existing Scimitar. However, it was built to be a tough beast, and the developed version would no doubt have held up well too. Weapons carriage was basically similar to that of the existing Scimitar, which suffered from the handicap of not having room for a weapons bay of any kind. Thus the wing pylons were the only possible place to put weapons, bringing associated heating and drag problems.


Vickers believed it could get the Type 565 into the air in 1959 and into service by mid-1961, at which time production of the Scimitar F.1 would be ending. Alternatively, the naval features could be retained, cutting back on development time and getting the aircraft into service nine months sooner at a cost of higher weight and reduced performance (8 per cent reduction in combat radius, 50yd (45m) added to take-off distance). Total R&D costs were expected to be £4 million (including £2 million for five development batch aircraft).


Take-off performance fully loaded was a concern, so Vickers took another look at the design. De-navalization and the new nose had moved the centre of gravity (c.g.) forward, and large external stores also tended to lower the c.g. Raising the nose for take-off would therefore take longer, and various means were looked at to improve the situation. These included redistributing weight within the airframe, moving the main undercarriage forward, increasing tailplane size, adding a tailplane flap or even adding an auxiliary system to raise the nose during the take-off roll. Reducing the aircraft’s unstick speed was also necessary, and to this end more options were considered, such as tilting the jet pipes downward a further 10 degrees, high-lift devices on the wing, and drooped ailerons with blowing. However, the only serious improvement would be achieved using rocket assistance, so provision was made for a ventrally slung rocket for assisted take-off (initially two Super Sprites but later a single Spectre), the rocket pack being jettisoned and recovered by parachute after use.


A second set of figures was produced for an improved Type 567. This would use integral fuel tanks instead of bag tanks (giving an extra 200gal (910L) of fuel) plus improved RA.24 Avons with 6 per cent better fuel economy and lighter weight. Take-off weight would now be 48,570lb (22,045kg) with a combat radius of up to 950nm (1,090 miles; 1,760km) for the high-altitude sortie and up to 670nm (770 miles; 1,240km) at low level. The take-off distance was much the same, but the actual ground roll was now reduced to as little as 1,070yd (980m) with rocket assistance.


Perhaps the most interesting of the whole slew of developed N.113 proposals was specification No. 566, for an integrated flight control system. Supermarine’s work on future aircraft had led it to the firm belief that rising complexity and speeds meant there was a need for a fully integrated flying control system encompassing autopilot, autostabilizer and power controls, with electrical signalling holding it all together. Sperry had created a system that handled much of this requirement, and which would be ideal for installation in an N.113 airframe as it allowed existing mechanical control runs to coexist with the integrated system. Unlike existing simple altitude/heading holding autopilots, this system would effectively have been able to fly complete manoeuvres had it been developed further. In ‘Direct’ mode it would act as an orthodox powered control system using existing mechanical linkages; in ‘Autostablizer’ mode it would use electrical signalling, and control surface movements would be subject to small adjustments superimposed on the pilot’s demands. Finally, in ‘Little Stick’ mode, the aircraft would be controlled by a small side-stick (rather like the General Dynamics F-16, only some years in advance), which would translate pilot demands into co-ordinated use of the control surfaces, the pilot never needing to move the rudder bar unless he wanted to introduce slip deliberately into a manoeuvre. Fully automatic instrument landing system (ILS) approaches could be flown on the system, and the intention was to develop it so that it could fly complex manoeuvres such as programmed climbs, steady turns to a preselected radius, automatic attacks coupled to the radar and a complete LABS attack.


Hawker P.1121


Hawker’s proposal was contained in a brochure entitled P.1121 Air Superiority Strike Aircraft, and referred to an aircraft already unsuccessfully submitted for OR.329. Hawker believed strongly enough in this aircraft to have continued its development using the company’s own money, even when it failed to win the tender for OR.329, and claimed that it could easily become a multi-role strike aircraft. As both the Saunders-Roe and Fairey designs to OR.329 had been briefly considered for the light strike role, Hawker certainly deserved to give it a go as well.


The P.1121 was an attractive swept-wing, single-seat multi-role aircraft, and a prototype was under construction, powered by a single reheated de Havilland Gyron engine fed through a chin-mounted intake. Either the Rolls-Royce Conway or Bristol Olympus would have been more suited to the strike role. Hawker was confident that the airframe could be developed into a variety of versions, one of which was a two-seat tactical bomber carrying Doppler, sideways-looking radar (SLR) in underwing pods and forward-looking radar. Relocation of the existing fuselage-mounted tricycle undercarriage to wing nacelles to allow space in the fuselage for extra fuel or bombs was possible. The brochure, however, concentrated on the single-seat P.1121 already under development. Navigation capabilities would be as limited as those of the single-seat Scimitar, with equal pilot workload problems.




Leading Particulars: P.1121








	Length


	66.5ft (20.27m)





	Height


	15.33ft (4.67m)





	Wing span


	37ft (11.28m)





	Wing area


	474sq ft (44.03sq m)





	Wing aspect ratio


	2.89





	Wing anhedral


	2 degrees





	Tailplane span


	19.25ft (5.87m)





	Tailplane area


	115sq ft (10.68sq m)





	Tailplane aspect ratio


	3.23





	Tailplane dihedral


	10 degrees





	Engines


	2 × 15,800lb R-R Conway 
11R (25,700lb (11,665kg) in reheat)





	Max speed


	Mach 1.15 at sea level, 
Mach 2.3 at 36,000ft
(11,000m)





	Empty weight


	27,365lb (12,420kg)





	Max all up weight


	49,690lb (22,550kg)










Carrying 1,500gal (6,800L) of internal fuel, a 2,000lb ‘Tactical Strike Weapon’ on a pylon under the port wing (balanced, as on the Scimitar, by a drop tank under the starboard wing), up to 600gal (2,700L) of fuel in underwing drop tanks, two nose-mounted cameras, and a pair of retractable rocket packs either side of the fuselage behind the cockpit housing twenty-five 2in rockets each (alternatively, four 30mm cannon in a pack), the Conway-powered P.1121 would have a normal AUW of 43,700lb (19,800kg), rising to 48,200lb (21,900kg) with full weapon load and extra drop tanks. Cruising speed would be Mach 0.85 at altitude and Mach 0.72 at low level with a burst of up to Mach 0.9, all in dry power. With reheat, low-level speed could be Mach 1.05, with an impressive Mach 2.1 at 36,000ft (11,000m). Take-off distance was not so impressive, at 1,950yd (1,780m), and hi-lo combat radius in strike configuration was up to 675nm (775 miles; 1,250km). In reconnaissance fit at high level and high speed, combat radius was reduced to 430nm (500 miles; 800km). With two 300gal (1,360L) and two 150gal (680L) drop tanks, one-way ferry range would be 2,170nm (2,500 miles; 4,000km).


With the Olympus 21R instead of the Conway the aircraft would be 140lb (65kg) lighter overall, capable of up to Mach 2.65 at 36,000ft (11,000m). The maximum combat radius would increase to 800nm (920 miles; 1,480km) and take-off distance would be reduced to 1,790yd (1,640m).
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A general-arrangement drawing of the Hawker P.1121 of March 1957. Damien Burke


Hawker predicted production beginning in 1960, with an in-service date of mid-1961 and an R&D cost of £9 million, which included eight development batch aircraft.


Arguments against the early proposals


The RAF was altogether less than impressed with all of these aircraft, believing they had been foisted upon it under the guise of ‘making do’ in the grand British tradition of muddling through with whatever was on hand. Contrary to the various companies’ promises that these developed types could all be brought into service far faster than a new aircraft, and for much less money, enabling development of a more capable aircraft at a more leisurely pace, the RAF believed it would be stuck with these interim types if it accepted any of them, and never get what it really wanted. The RAF’s own updated predictions for a completely new aircraft that did everything it wanted was for an R&D cost of £15 million and an in-service date of 1964. To save perhaps two or three years off that target and a half to two-thirds of the cost (if the manufacturers’ estimates were at all believable), while ending up with an aircraft that simply did not do the job, was not an attractive option. What the RAF did not consider for even one moment was that it could be as woefully optimistic in its estimates as it believed the manufacturers were with theirs.


The major arguments against all four interim aircraft developments comprised a simple numbers game. Only the developed Sea Vixen met the GOR.339 requirement of a 1,000-mile (1,600km) radius of action, a figure the RAF claimed was based on various regional pacts and treaty obligations rather than being ‘plucked from thin air’, as some would later have it. Fixed targets could not be moved closer to existing bases just because your bombers were unable to go that far (the RN, of course, could often move a carrier closer to a target to begin with). Take-off and landing distances were generally unsatisfactory except with rocket assistance for take-off, but the two biggest problems were being able to find the target, and to survive while doing so. Finding a target to a high degree of accuracy was the key to attacking it successfully, and none of the naval proposals gave the RAF any confidence that the respective aircraft could reliably manage this. The RN had the luxury of mostly dealing with well-defined targets that showed up well on radar: ships at sea, or coastal installations. The RAF had no such luck, and ground clutter reduced the existing radars of these aircraft to little more than ranging radars. A new and much more sophisticated radar would be necessary at the very least. However, even if that problem was ignored, the fact that most of the aircraft were subsonic doomed them all.


In summary, then, each of these proposals was unacceptable. They could not get to the target area; if they could, they could not find the target; and if they could get there and find it they would probably be unable to bomb it because their external stores would have been cooked by the high-speed flight that all of them could only just manage. If they were delivered late, even by a year or two, enemy defences would have advanced to the point where their slow penetration speed would condemn them to being nothing more than target practice for an alert and well-armed enemy. The last line in the OR department’s appraisal of the designs was intended to have an air of finality about it that would bury the proposals for ever: ‘Not one of these aircraft could maintain beyond 1965 the viability of the Royal Air Force in tactical strike and reconnaissance.’
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A general-arrangement drawing of the Folland Light Bomber of July 1957. Folland intended this to be a successor to the Canberra, but with combat radius of 540nm (620miles; 1,000km), a bomb load limited to 4,400lb (2,000kg) and a basic navigation and bomb-aiming system it was far from the sophisticated aircraft that the RAF wanted. Damien Burke


Despite that, one chink in the RAF’s armour had opened. The Hawker P.1121 was clearly superior to any of the naval aircraft, but still fell far short of meeting GOR.339. However, Hawker’s proposed developed two-seat strike version was viewed with some interest, and the company was asked to work on an improved submission. The possibility of a joint RAF/RN aircraft was also mooted by the MoS, but weight and size limitations precluded all but the smaller Hawker design from being a realistic possibility, and neither was capable of meeting all of the RAF’s needs. Another outside contender very briefly looked at was a small aircraft from Folland, but the range and bomb load of such a small aircraft immediately ruled it out of the running for GOR.339. The interest in a joint RAF/RN type was not lost on the Admiralty or Blackburn, and work began on drawing up a further improved version of the NA.39. The one gem among these early proposals was the integrated flight control system put forward by Supermarine/Vickers for the developed Scimitar; such a system would become a vital part of the TSR2.


The 1957 Defence White Paper


Amidst all the work on GOR.339 came the Defence White Paper of 4 April 1957 from Minister of Defence Duncan Sandys, a man smitten with the possibilities of missile and rocket technology since World War Two and the shocking Nazi V2 rocket attacks upon Britain. The White Paper admitted that: ‘It must be frankly recognized that there is at present no means of protecting the people of Britain against the catastrophic consequences of an attack with nuclear weapons’, and that ‘it is unhappily true that the only existing safeguard against nuclear aggression is the power to threaten retaliation in kind’.


As a result almost all of the nation’s other defence commitments were to be pushed aside, and the reorganization of the armed forces to present a deterrent posture would override everything else. The size of the armed forces would be reduced by around 50 per cent (although RAF and Army units would be armed with atomic weapons to increase their striking power). Overseas forces would be reduced where possible, and conscription would end by 1960. Only a limited fighter force would be needed, for it would be dedicated to defending the nation’s deterrent forces. There was, after all, simply no way a few hundred guns, or the new anti-aircraft missiles then becoming available, could guarantee that some Soviet bombers would not get through to the nation’s cities. Most of the gun sites would be abandoned, and their controlling bunkers would become local-authority emergency control centres so that the destruction of central government would not leave the surviving populace entirely ungoverned. The nation’s antiaircraft defences would henceforth be concentrated around the only targets worth defending, the V-force airfields.
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An artist’s impression of the Hawker P.1121. This particular illustration was later amended to cater for political sensitivities, and in a reissue of the brochure a year later the mushroom cloud was conspicuously absent! BAE Systems Heritage via Brooklands Museum


Advanced manned aircraft projects were to be cancelled, because missiles would take on their job in the near future. Of the various fighter projects under way, only English Electric’s P.1 project (shortly to develop into the highly successful Lightning) would survive, being deemed to have progressed too far to be abandoned, and to be valuable as a short-term high-performance fighter until sophisticated surface-to-air missile systems replaced it. The RAF’s future supersonic large bomber project, the Avro 730 to OR.330, did not get such a reprieve and was cancelled. In its place would come the Blue Streak intermediate-range ballistic missile (IRBM), with the American Thor IRBM, somewhat unkindly, if accurately, described by one member of parliament as a ‘complete load of rubbish’, filling the gap until Blue Streak was available. (Blue Streak itself was later cancelled owing to development difficulties and rising costs.) With Thor itself not expected to be available for at least another year, the V-force would also continue in the deterrent role.


The RAF’s OR department, already worried by attempts to foist unsuitable and mostly naval aircraft upon it to meet the future light bomber/tactical strike aircraft requirement, was badly shaken. It was clear to the department, and to most outside observers, that developments in anti-aircraft missiles and radar technology would not be one-sided, and would soon make the V-force’s mission nothing more or less than sheer suicide. Moreover, a missile-only offensive air arm was a pipe dream and folly of the worst kind. A missile did not have the flexibility to hit targets such as fast-moving concentrations of troops and vehicles, and a nuclear missile had no use whatsoever in a ‘limited’ (non-nuclear) conflict. Work continued on getting GOR.339 through the labyrinthine paths of bureaucracy that all aircraft projects had to follow. Luckily the MoS, led by Aubrey Jones, had a rather different vision of future defence needs than Sandys’ MoD, otherwise Britain’s aviation industry could have vanished practically overnight instead of just being badly mauled. At English Electric the chill wind of the 1957 Defence White Paper had been felt in the weeks leading up to its publication, and the company had been careful to look at the implications for Project 17. The first result was that the company referred to a strategic role only obliquely, in case its brochure ended up at the MoD and got the project killed overnight for daring to suggest a new supersonic strategic nuclear bomber. English Electric would later quietly backpedal on a possible fighter version, too, for the same reason.


One big change to the GOR at this point was the addition of a much more varied selection of weapons for the aircraft to deliver. With budgets slashed, the RAF now had to put all of its eggs in this single basket, and ask for an aircraft capable of doing more than delivering a single Target Marker Bomb or a handful of dumb bombs. Subsidiary requirements were also generated to cover some of the additional systems that would be needed on board the aircraft; OR.3044 covered a navigation, bombing, reconnaissance and flight control system, for instance.


Reshaping the Aircraft Industry


While the MoD was smugly looking forward to a golden age of shiny pointy missiles and a world in which sideshows such as Korea or Suez did not happen, Aubrey Jones at the MoS realized that Sandys’ White Paper had effectively put the aviation industry on notice. With most aircraft projects cancelled, the manufacturers would be desperate to win work on the last major remaining project, GOR.339, and this put the MoS in a uniquely powerful position. It had a golden opportunity to use GOR.339 to reshape an aircraft industry it saw as bloated and inefficient. In this the MoS had a good point. The industry had grown into a mass of independent companies, often duplicating one another’s efforts and producing some equipment of frankly questionable utility. However, the increasingly heavy influence of an army of civil servants standing between the armed forces and their equipment suppliers was an example of bloating and inefficiency that dwarfed any in the aviation industry, and the chaotic and sloth-like manner in which aircraft requirements were drawn up and issued and contracts awarded was a good part of the reason behind fiascos such as that of the introduction into RAF service of the utterly useless Supermarine Swift fighter.


Within the Air Ministry, MoD and MoS, discussion on GOR.339 was batted back and forth. The NA.39’s case was continuing to be pressed by the Admiralty. This did nothing but harden attitudes within the RAF, which took steps to try to remove the NA.39 from the running in a dramatically permanent manner. The result was that, in April 1957, the MoD sent a letter to the CA at the MoS, suggesting that the NA.39 could be cancelled to save money, and the developed Scimitar put into production as a cheaper alternative for the RN’s strike requirement. The MoD also took advantage of the MoS’s known plans to reduce the aircraft industry’s size by pointing out that killing the NA.39 would make it possible to ‘eliminate both the Blackburn Aircraft Company and the de Havilland Engine Company’ earlier than would otherwise be possible. Of course, the far less capable Scimitar development would have been of no use at all to satisfy GOR.339, leaving the field clear for the RAF to get exactly what it wanted. The second step in this plan would be to demonstrate that RAF GOR.339s would be capable of covering all of the RN’s strike commitments and enable the removal of the entire RN carrier force. Luckily for the RN, and, as it transpired, the RAF too, this dastardly ploy failed, and in August 1957 the NA.39 project was allowed to continue. The RAF had won no friends in the process, and it was perhaps this episode that turned Admiral Mountbatten into such an implacable enemy of the GOR.339 project.


Meanwhile, the RAF was concerned that, despite its requirements being available in black and white, nothing had been officially communicated to the wider aircraft industry. Its original timetable had included the receipt of detailed design studies from industry by the end of August 1957, and the selection of a design to form a basis for a draft OR by the end of October. August came and went, and the industry had not even received the final GOR yet, let alone managed to respond to it in detail. The reason for this delay was entirely political. The MoS was still trying to decide which aircraft companies deserved to survive, and which groupings they would like to see. By September the MoS finally had some idea of what it wanted the future aircraft industry to look like, and so invited representatives of the major companies to a meeting at the Ministry on 16 September. The Minister himself, Aubrey Jones, was visiting the USA, and left it to his Permanent Secretary, Sir Cyril Musgrave, to preside over what turned out to be a momentous meeting. Attending were Mr (later Sir) Aubrey Burke of de Havilland; Lord Caldecote and Mr H.G. Nelson of English Electric; Captain E.D. Clarke of Saunders-Roe; Sir Roy Dobson and Sir Frank Spriggs of Hawker Siddeley; Sir George Edwards of Vickers-Armstrongs/ Supermarine; Sir Frederick Handley Page and Mr R.S. Stafford of Handley Page; Sir Matthew Slattery of Bristol Aircraft and Short Brothers; Mr E. Turner of Blackburn and General Aircraft; and Sir Reginald Verdon Smith and Mr Cyril F. Uwins of Bristol Aircraft.


The message of the meeting was blunt. There are too many of you, and there is too little work. The only significant military contract on the horizon was going to be GOR.339, possibly, and the contract for this aircraft would only be awarded to a group of firms, or perhaps a single firm taking leadership and co-ordinating two or three others. This was a particularly harsh blow to the Hawker Siddeley Group, which was already ahead of the pack in terms of consolidating and tidying up the industry. Furthermore, while the MoS would prefer the firms to come up with their own groupings, if it proved necessary it would nominate the groupings itself. Were this to be the case, the Ministry would choose them based on the ‘long-term structure of the industry’; its own vision being of three or four groups only, covering the entire industry. Regardless, any individual group would need to demonstrate four items to be acceptable: a diverse portfolio of work covering both civil and military projects; optimum design capacity including supersonic work; good productive capacity sufficient to cater for future needs; and, finally, considerable financial strength. It was clear that the Ministry wanted to be shot of the smaller companies altogether.


The meeting also covered future work beyond GOR.339, of which there was very little. There were various small civil projects, including the new British European Airways (BEA) airliner (this became the Trident), a possible supersonic transport (the first whispers of Concorde), and that was that. Beyond GOR.339 there could well be no military work at all, and the industry needed both to amalgamate and broaden its interests to survive in a world that could possibly consist only of civil contracts. Needless to say, this was shocking news to the assembled company directors, and pretty much to a man they pointed out that relying on civil projects only would doom the UK aircraft industry to recession. The USA simply could not be competed against in this sphere, being able to offer much larger production runs and thus lower prices, and with its own military production ramping down, its companies would be gearing up to make even greater inroads into the civil market.


The meeting was summed up by Sir Cyril, who said that they had to take a realistic view of the industry’s future prospects, and that ‘On this basis the decision had been taken that GOR.339 should be placed with a consortium of firms, or with a firm operating in association with several others.’ Furthermore, ‘an indication was required with each firm’s reply of the other firms it expected to associate with in the event of its being given a share of the contract’. The meeting ended with a procession of dismayed executives trooping out in near silence, resigned to the government’s vision of a radically restructured aviation industry. Sir Cyril turned to his Under Secretary (Air), Denis Haviland, and said: ‘We’ve won’.




CHAPTER TWO


Submissions to GOR.339


General Operational Requirement 339 was officially issued to the industry with a deadline of 31 January 1958 for receipt of proposals. (A complete copy of GOR.339 can be found in Appendix I.) While the firms worked on their submissions, the various possibilities of foreign aircraft to meet GOR.339 were also explored, types as diverse as the Convair B-58 Hustler and Republic F-105 Thunderchief being looked at, reduced to sets of numbers and discarded as one number or another failed to match up.


It might be assumed that, having issued the GOR to various firms and asked them to work on a submission to satisfy it, the OR staff would by now have been, at least, pretty clear about what they wanted. However, initial discussions with various firms had proved unsettling for them, most firms describing large and complex aircraft loaded down with various items of equipment to try to satisfy every possible aspect of the GOR, which had itself been gradually amplified by discussions between the firms, the OR staff and the MoS. After publication of the first issue of GOR.339 it was suggested that good supersonic performance at medium altitude would be needed for fighter evasion, and a 600nm (690-mile; 1,100km) combat radius as a basic case was not aiming high enough when the Canberra could manage 1,000nm (1,150 miles; 1,850km). Consequently each firm was sent communications placing greater emphasis on high supersonic speeds at medium to high altitudes, and made the 1,000nm sortie a basic sortie rather than an overload case. With most of the firms already planning for lower performance, this left them struggling to meet the new requirements.


Why the size of most of the aircraft designs under discussion came as a surprise is a mystery, but it prompted a meeting of the OR staff on 6 December to discuss exactly what it was they wanted the aircraft to do after all! The Assistant Chief of the Air Staff (OR) had made it clear that the aircraft was needed to deliver a tactical atomic bomb, with a secondary task of reconnaissance. Additionally, the various military chiefs of staff had recently approved a paper which accepted that the strategic deterrent was all-important and no additional systems should be developed if they were not required for ‘shield forces’, i.e. part of the NATO shield against Soviet invasion. Clearly GOR.339 had to be able to be considered as part of the shield, or it could not go ahead, and with plans to use it as a Canberra replacement world-wide there were doubts that they could get away with describing it as a shield component. Remarkably, amidst discussions on just about every aspect of the GOR, was the admission that ‘it would be an unwarranted penalty to demand a bulky undercarriage arrangement necessary to provide extremely low LCNs [load classification numbers]’ (i.e. operation from rough strips), and that it should be planned on the basis of using existing airfields, a complete about-face from what industry had already been asked for. Thus, as late as the middle of December 1957, the firms were receiving communications that were changing the requirements, and their deadline of 31 January 1958 was unchanged.


By the end of January 1958 the firms had submitted their responses. It was an eclectic mix. A few had clearly had many months of detailed work put into them, others were decidedly sketchy, and at least one was little more than a ‘back of a fag packet’ study from a firm clearly lacking any interest in playing the Ministry’s game.


A.V. Roe: Avro Type 739


Fresh from the disappointment of the cancellation of the Avro 730 to OR.330, Avro cannot have had much appetite to begin work on another bomber design, particularly with such a jack-of-all-trades requirement to satisfy. However, the company knuckled down and got on with it. It first addressed the needs for crew comfort by choosing a fairly small, highly loaded wing allied to sprung seating for the crew. A small wing would need lift assistance for landing and take-off, so blowing would be used across deflected leading and trailing edges. Variable sweep and direct-lift engines were considered, but both would have entailed considerable extra development effort and the 1964 deadline would not be met. Lift jets would also result in a much more expensive and difficult to maintain aircraft, conflicting with the dispersed tactical operations concept. Accordingly, neither idea made it into the brochure.


Avro proposed to address the inadequacies of the toss-bombing delivery method by using a winged stand-off bomb. Thus, instead of exposing the aircraft to missile attack during the pull-up to toss a ‘dumb’ Red Beard, and risking the bomb going off-target owing to wind shifts during its long toss, the weapon could be delivered from low level while the aircraft was still some distance from the target; up to 25 miles (40km) away, in fact. The winged bomb would weigh at least 50 per cent more than a standard Red Beard, but the increased distance from the delivery aircraft would make it possible to use a fusion rather than fission warhead (for a considerably bigger bang – megatons rather than kilotons). Much of the work going into the Blue Steel stand-off missile could be re-used, with a similar guidance system and the use of a rocket motor based on the principles used in the two-fifths-scale Blue Steel test shots. The method of carriage would be similar to that of Blue Steel on Avro Vulcans, with the weapons bay doors replaced by a fairing containing a recess into which the bomb would be mounted. With a stand-off bomb reducing the aircraft’s vulnerability, other means were also looked at to reduce the risk further. These included the use of radar-absorbing material (RAM), to be applied within aerial cavities, the crew cabin, the intakes and their half-cone centrebodies, and any portions of the exterior skin as necessary. The crew would even have RAM-coated blinds that could be pulled over the transparencies when flying at high altitude. Attack warning would be given by a system similar to the Blue Saga (ARI.18105) radar warning receiver (RWR).




Leading Particulars: Avro Type 739








	Length


	80.8ft (24.63m)





	Height


	19.4ft (5.91m)





	Wing span


	41.28ft (12.58m)





	Wing area


	568sq ft (52.77sq m)





	Wing aspect ratio


	3





	Wing anhedral


	5 degrees





	Tailplane area


	193sq ft (17.92sq m)





	Tailplane aspect ratio


	3





	Fin area


	192sq ft (17.84sq m)





	Fin aspect ratio


	0.86





	Engines


	2 × 14,600lb (6,630kg) 
RB.142R





	Max speed


	Mach 2.2 at 36,000ft 
(11,000m)





	Empty weight


	45,870lb (20,820kg)





	Max AUW


	97,130lb (44,090kg)
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A general-arrangement drawing of the Avro Type 739 of January 1958. Damien Burke


When it came to conventional bomb carriage, Avro saw that it could fit three 1,000lb bombs side-by-side by widening the bay slightly from the dimensions required for Red Beard, but fitting four would require extending the bay’s length. Accordingly it went with a reduction from the GOR’s requirement for four, suggesting external carriage if extra bombs were really needed. Rocket packs would also fit within these dimensions, and would be extended by hydraulic jacks for firing. The weapons bay doors were conventional, being hinged to open at the edges, rather than rotating or sliding. External weapons carriage was provided in the form of six hardpoints on the wings for pylons, two of which would be plumbed for fuel. The wingtips could also carry rocket pods or missiles.


Avro thought terrain clearance was not a realistic prospect and the Type 739’s radar suite was to be biased entirely to navigation, coupled with an inertial navigation system (INS). Low-level terrain clearance would therefore be entirely visual, and a head-up display (HUD) for the pilot would be essential. A small radar-ranging dish would be mounted on the back of the main forward-looking radar (FLR), to be used for rocket attacks. The X-band SLR with a mere 5ft (1.5m) antenna would suffice for position fixes. It did not have sufficient resolution for reconnaissance purposes, so a higher-resolution 14.5ft Q-band SLR was suggested for use in a reconnaissance pack hung from the weapons bay. The pack would also contain four cameras (four 24in and two 6in lenses) and linescan, along with associated recording and transmitting equipment, but Avro provided few details.


While Avro ignored the Ministry’s request to consider naval applications, it did point out that the Type 739, with Mach 2-plus performance and a large fuel load, could make a suitable platform for fighter/interception duties, toting Red Top or Blue Jay Mk 4 missiles. Up to four missiles could be carried, two at the wingtips and two on fuselage-mounted pylons. This version would otherwise be externally identical to the bomber, with only internal changes such as the replacement of the bombing and navigational equipment with AI and missile support equipment. As with other submissions that would mention the possibilities of use as a fighter, this was aimed purely at the bomber destroyer role; it would have been no dogfighter.


The configuration of the airframe was fairly conventional, with engines buried in the upper mid-fuselage both for minimum drag and because this was just about the only place left to put them, the rest of the fuselage being taken up by crew compartment, radars, weapons bay and undercarriage. To keep the wings clear and crew visibility unobscured, the engine intakes were mounted high on the fuselage sides. Fixed half-cone centrebodies were optimized for transonic flight, and spill doors directed excess flow overboard as speed increased, rather than going to the expense and complexity of providing a variable-geometry centrebody. Access to the engines for replacement was provided by a break point in the rear fuselage; the entire rear fuselage would be removed and the engines slid out backwards. The fuselage used area ruling, one consequence of this being that the weapons bay ended up forward of the c.g. The resulting trim changes at weapons release were to be cancelled out by the flight control system. The fairly small mainplane was swept at 40 degrees and mid-mounted, the torsion box extending through the fuselage, between the engines and the weapons bay. A low-mounted tail plane was found to be the best position for stability. The all-moving tailplanes were differentially operated for roll control, backed up by small ailerons on the wing at low speeds. These would be locked in place when the aircraft was supersonic, avoiding the aileron reversal problems experienced on other high-speed aircraft. If the high wing loading proved insufficient to provide crew comfort in low-level turbulence, Avro suggested that an automatic gust-alleviation system could be used. This would deploy the wing flaps and alter tail plane angle as necessary to smooth out the ride. The leading- and trailing-edge flaps were both blown, and a notch in the wing delayed the vortex separation that would otherwise give rise to undesirable pitch-up. All conventional control surfaces were to be moved by duplicated hydraulic rams acting on a rod-lever system to give multiple operating points along the surface’s span, based on the units developed for the cancelled Avro 720 supersonic interceptor and 731 (a scale model of the 730 supersonic bomber) projects. The pilot would have a side stick, using mechanical signalling rather than direct mechanical control (i.e. rods and cables) to ‘talk’ to the control surfaces. Avro thought it likely that a ‘manoeuvre demand’ system would be needed, whereby the pilot’s inputs would not be directly passed to the control surfaces, but instead the automatic flight control system would apply the movements necessary to carry out the manoeuvre demanded by the pilot.


The undercarriage was of orthodox tricycle layout, both the nose and main units retracting rearwards into the fuselage. Avro did not put any serious effort into dealing with the whole question of airfield performance on rough strips and short runways, and as a result the 739 fell short of the requirement when it came to take-off distances, needing rocket assistance to meet the sortie requirements if supersonic bursts were included, and even then being unable to manage the 1,000nm sortie’s take-offdistance requirement. Avro felt that keeping the aircraft as small as possible was extremely important, and thus planned to build it large enough to be able to manage only the 600nm sortie on internal fuel. The 1,000nm sortie would require drop tanks, jettisoned before going supersonic, and AUW in this configuration (one Red Beard internally, two 600gal (2,730L) drop tanks) would be around 91,000lb (41,300kg) if the lightest of six suggested engines was chosen. A considerable excess was available when it came to ferry range, where the aircraft could manage up to 2,830nm (3,250 miles; 5,240km) with drop tanks. While the GOR specifically mentioned that subsonic cruise was to be no lower than Mach 0.95, Avro chose Mach 0.9 as being near enough. Avro’s preferred engine was the Rolls-Royce RB.142R, which would appear in most submissions to GOR.339. It also listed two flavours of Conway and three flavours of Olympus, the Conway needing least development but giving the highest AUW at 97,130lb (44,090kg) for the 1,000nm sortie with supersonic burst.


The construction was to use tried and tested techniques, light alloys being used wherever possible and exotica like titanium being employed only for the flap blowing tubes, reheat pipe heat shields and other areas requiring great heat resistance and strength. In terms of production responsibilities and teaming up with other firms, Avro’s submission was weakened by its wish not only to have overall control of the airframe but also to handle the flight control system itself, and take charge of the radar-navigation-bombing system and any contractors brought on board for this equipment, with vague mentions of using the appropriate design, technical and experimental resources of the rest of the Hawker Siddeley Group. The company predicted that, if a specification was in hand by January 1959, it could have the first of fifteen development-batch aircraft in the air by November 1961, with full CA release by September 1964.


Barnes Wallis–Vickers Type 010 Swallow Momentum Bomber


Barnes Wallis, the inventor of the ‘bouncing bomb’ of Dambusters fame, had been working on variable-sweep designs since 1948, with partial funding from Vickers as a pure research programme and some desultory contributions from government. He had come up with the ‘Swallow’, a remarkable tailless design with a variable-sweep wing (from 15 to 75 degrees), an 80-degree swept forebody and eight engines, mounted in paired nacelles mounted above and below the wing, near the tips. These swivelled to retain their fore-and-aft orientation when the wing sweep changed, and tilted up and down to provide flying controls. No conventional control surfaces were to be provided. Wallis claimed that a suitably sized bomber version could cruise at high altitude at Mach 2.5 and deliver a 10,000lb (4,500kg) bomb load to a target up to 2,500 miles (4,000km) away and return, with no hope of fighters being able to reach its altitude, or catch it if they could. Unfortunately he had been unable to convince the government to fund a research vehicle, and his Swallow project had never got off the ground. While the Air Staff had shown keen interest in the concept, asking Wallis in late 1956 to submit a brochure for a Swallow variant to satisfy OR.330 (a high-altitude supersonic bomber requirement), Duncan Sandys unilaterally cancelled Wallis’s research programme in early 1957, even before publishing his Defence White Paper, in spite of objections from the Air Staff. Wallis, undeterred, went ahead and submitted his brochure on Swallow to OR.330 in February 1957, but OR.330 too was killed by Sandys, and consequently the Swallow was never assessed in that role. The Air Staff continued to show interest in the Swallow throughout 1957, provoking a slap-down from the MoD in August of that year, in which it was stated that the Swallow was not to be proceeded with.




Leading particulars: Swallow to GOR.339








	Length


	77ft (23.47m)





	Height


	9ft (2.74m)





	Wing span


	37ft (11.27m) swept, 
90ft (27.43m) unswept





	Wing area


	727sq ft (67.54sq m)





	Wing aspect ratio


	1.88 swept, 11.14 unswept





	Engines


	4 × Bristol Olympus 12





	Max speed


	Mach 2.0 @ 50,000ft
(15,000m)





	Empty weight


	22,805lb (10,350kg)





	Max AUW


	43,935lb (19,940kg)










With GOR.339 on the table just weeks later, Wallis made another attempt to convince the government of the viability of his schemes, putting forward a preliminary brochure on a variable-sweep aircraft to meet GOR.339. This was a Swallow variant, the Type 010. Two versions had been schemed, a large one using existing turbojet engines (the Bristol Orpheus BO412), and a smaller aircraft using idealized engines based on project studies from Bristol (the BE36) and Rolls-Royce (the RB.121), better matched to the Swallow design. Both differed from Wallis’s original Swallow proposal in having a deeper forebody, a redesigned tandem cockpit (without the rising turret of the original design), and four engines rather than the eight of the original. As an alternative a single Gyron PS.52 engine could be mounted in the fuselage, but this would require conventional control surfaces and additional structural weight to cope with them, and the wings would have had to be stiffened to resist flutter now that the wing-mounted engines were absent.


The larger aircraft with Orpheus engines was to have an AUW of 43,935lb (19,9450kg) and a ferry range of 2,700nm (3,100 miles; 5,000km). The AUW of the smaller aircraft with idealized engines would be just 30,000lb (13,600kg) and it would have an incredible ferry range of no less than 5,000nm (5,750 miles; 9,250km). For the 1,000nm sortie Wallis sketched a hi-lo-hi flight plan in which the aircraft would cruise climb at Mach 0.9 to 36,000ft (11.000m) to begin with, increasing to Mach 2.0 before descending to 1,000ft for a just-subsonic attack run, and then returning to Mach 2 and high altitude for the return home. Instead of carrying a 1,650lb (750kg) atomic weapon, the aircraft could carry four 1,000lb HE bombs, seventy-four 2in rockets or thirty OR.1099 rockets. Day, night and radar reconnaissance would also be possible, though no details were provided.
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Barnes Wallis shows off a magnificent model of his Swallow aircraft, a variation of which was proposed to satisfy GOR.339. BAE Systems


The Orpheus engines had significantly poorer fuel consumption compared with the RB.142 suggested for the Vickers Type 571, but as they had been selected for their ability to be used in a tilting fashion to control the aircraft, replacement with RB.142s would be difficult. Earlier RAE investigations into the Swallow had raised concerns about control loss if an engine failed, but Wallis had argued that this could be countered by a mechanical system to detect thrust loss and angle the remaining engines to compensate automatically, in less time than it would take for the pilot even to notice that something had gone wrong. In terms of satisfying GOR.339 the Swallow could not meet the take-off roll requirements, and all of Wallis’s figures excluded the additional weight of ‘assisted take-off units’ that would be required to enable it to do so. The RAE’s investigations into the characteristics of the design had also found that in the unswept condition the aircraft would also be so stable as to be difficult to manoeuvre, and the addition of a canard, or substantial redesign of the forebody, would be required. If this could be carried out and a realistic ‘idealized’ powerplant could be developed, however, the design had promise. Several meetings were held in September 1958 to assess the application of the Swallow concept to GOR.339, but it was felt likely that this would put back the entry into service by four years for dubious benefit. By October the RAF had concluded that there were just too many engineering problems to solve, and that the Swallow concept was better suited to a transport or high-altitude bomber than to GOR.339.
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A general-arrangement drawing of the Vickers Type 010 of January 1958. The term ‘momentum bomber’ came about from the winged bomb mounted on the upper rear fuselage. This was designed to carry out its own delivery manoeuvre, using the momentum of the delivery aircraft. The Swallow would fly over the target, whereupon the bomb would be released and then pull into a half-loop and dive back down on to the target. Damien Burke


The chances are that, even if the aircraft had been theoretically perfect, politics would have killed it off regardless. Wallis was viewed with distrust by many in power, and a typical government bureaucrat assessment noted that Wallis ‘… works in an atmosphere of extreme secrecy and as he has got older he has become more and more difficult with the people actually working with him … … [He] has shown himself very resentful of any suggestions from the young men working with him, and for this reason has great difficulty keeping together a good team.’ As to the Swallow itself: ‘It looks extremely impressive but we have not so far found anyone who can understand it …’.


Blackburn and General Aircraft B.108


Blackburn once again submitted a variation of the NA.39 for consideration, though it had not been in the list of firms specifically selected to be asked for submissions. This time it was designated the B.108, and had moved on somewhat from the B.103 the RAF had originally derided back in 1955. At that time the actual aircraft had not been built, and was only the subject of an order for a development batch. Now, two years down the line, the NA.39 had evolved somewhat in capability as well as appearance. The nose extension of the B.103A had been incorporated; a spine along the fuselage contained control runs and made more room for internal fuel; the selection of a single radar installation for the nose radome had been made, and the radome and its fold line redesigned to suit. This was basically similar to the aircraft that has since become familiar as the Buccaneer S.1.


The B.108 had other changes too. That fuselage extension was in the area of the cockpit, giving 18in (46cm) more room for radar displays, which would be needed, as the aircraft had SLR in the forward fuselage to provide fix corrections for the new INS. The underwing slipper tanks were enlarged to give 60 per cent more capacity and enable the B.108 to just about manage the 1,000nm sortie. However, with a low-level cruising speed of just Mach 0.89, no realistic supersonic capability, and no improvements in take-off and landing performance, Blackburn had immediately given the RAF just the excuse it needed to discount the B.108 submission.


Support for the NA.39 to meet GOR.339 was strong from all other directions, however. Even a former Chief of the Air Staff, Sir John Slessor, wrote to Duncan Sandys in January 1958 to commend the NA.39 to him, albeit as an interim measure. At the time it was thought to be around three years in advance of any other type (including American ones), and it was surely worthwhile to have a stop-gap available right now that would be ahead of the game for three or four years, and could soldier on for eight to ten, by which time a really modern replacement could have been acquired. Blackburn indicated that Fairey would be its partner of choice if either company were to be awarded the contract to build an aircraft to satisfy GOR.339.


[image: image]


A general-arrangement drawing of the Blackburn B.108 of January 1958. Damien Burke


Later, in February 1960, Blackburn suggested a further upgraded aircraft, the B.111, re-engined with the new Rolls-Royce RB.168 (Spey) of 19,250lb (8,740kg) thrust (in reheat), with all naval features deleted; an effort owing a lot to the Buccaneer S.2, albeit with reheat. The B.111 would be supersonic, with a top speed of Mach 1.25 at high altitude, normally cruising at Mach 0.85. If it stayed subsonic, combat radius would be 840nm (970 miles; 1,550km), and the AUW for this sortie would be 46,988lb (21,328kg), with a take-off roll of 1,800yd (1,650m) and landing roll of 1,070yd (980m). Only by carrying drop tanks could the B.111 manage the 1,000nm sortie. Predictably, with the TSR2 by then well under way, the RAF was still not interested.


After that, Blackburn gave up any serious efforts to try and get in on the TSR2 act, though it did come up with another improvement, the B.113, which differed primarily from the B.111 in having a reshaped fuselage and greater fuel capacity, giving it combat radius of 1,290nm (1,480miles; 2,390km) with external tanks and an AUW of 54,200lb (24,600kg), along with a claimed top speed of Mach 1.85 at altitude. This was aimed at a possible Royal Australian Air Force (RAAF) requirement for a strike and all-weather interceptor aircraft. The RAAF was not interested; and when the proposal was brought up in September 1960 by the MoA, the RAF was quick to point out that it was just a minimal improvement on an already unacceptable design.


Bristol Aircraft Type 204


Undoubtedly the most unusual design submitted to satisfy GOR.339 was Bristol’s Type 204. Bristol had put together a truly futuristic aircraft with a beautifully shaped ‘Gothic’ wing (so named because the curve in planform matches that of the ogival arches of Gothic architecture), above which sat a large box containing the engines and intakes, with a long nose extending from below the wing. Finishing off the aircraft’s striking appearance was a bizarre canard mounted on a ventral fin below the nose.




Leading particulars: Bristol Type 204








	Length


	79.5ft (24.23m)





	Height


	20.75ft 6.32m)





	Wing span


	32ft (9.75m)





	Wing area


	820sq ft (76.2sq m)





	Wing aspect ratio


	1.25





	Foreplane span


	8.5ft (2.6m)





	Foreplane area


	55sq ft (5.11sq m)





	Foreplane aspect ratio


	1.3





	Fin area


	127sq ft (11.8sq m)





	Engines


	2 × Bristol Olympus 22SR





	Max speed


	Mach 2.0 @ 52,000ft
(16.000m)





	Empty weight


	41,000lb (18,600kg)





	Max AUW


	81,350lb (36,925kg)










Bristol’s departure from the more conventional layouts favoured by other companies was its solution to the GOR’s demanding mix of subsonic and supersonic flight, low- and high-level performance, good gust response and fatigue strength, and excellent short-field performance. Bristol had already been working on designs for a supersonic transport, and the slender-delta wing (the classic ‘paper dart’ planform) was clearly the best for high Mach numbers. However, such a wing was far from ideal in the low and slow landing regime, and adding flaps to a delta wing that are big enough to be of any use also introduces such huge trim changes that the aircraft would be impossible to control. Modifying the delta by means of introducing an ogival curve to the leading edge, effectively rounding off the tips and apex, improved the wing’s stability (particularly at high angles of incidence) and was considerably less draggy than a standard delta. When the Gothic wing had first been drawn up, it was intended that an aircraft using it would be ‘integrated’, with the crew, equipment, fuel and engines all contained within the contour of the wing, which would be of very thick section. The requirements of GOR.339, particularly the sheer amount of fuel needed for the required combat radius, made an integrated design impossible, so Bristol added a long fuselage (almost doubling the aircraft’s length in the process), in which was housed the crew compartment, bomb load and electronic equipment. This also enabled Bristol to add a canard flying surface and thus deal with the trim changes caused by flaps, which could now be big enough to be unblown and still effective; they also doubled as ailerons.


[image: image]


A general-arrangement drawing of the Bristol Type 204 of January 1958. Damien Burke


The foreplane had a trailing-edge flap of its own, and was mounted underneath the nose on a ventral fin to give maximum span for the flap and keep the vortices from the foreplane away from the main fin. The foreplane itself was of identical planform to the mainplane, and in normal cruising flight would be all-moving for the limited trim power required in the cruise. The flap would be used only to trim out the large changes introduced by the use of the wing flaps, and Bristol suggested that the foreplane flap might need blowing to be effective enough. Stability was expected to be acceptable through much of the envelope, but an autostabilizer would be necessary for comfortable handling.


The crew were seated in tandem, with large Vitreosil fused-quartz transparencies offering excellent views sideways and downwards. Only the navigator was to be provided with a sprung compartment to improve ride comfort. Behind the crew compartment was a large equipment bay, which also housed the SLR aerials. Aft of this was the ‘bomb cell’, sized to accommodate all required stores including the single Red Beard store or up to four 1,000lb HE bombs (if six were required, the other two would need to be carried on external pylons). Double doors were used; a single set closed the bay off during flight, with an inner set of doors normally retracted against the cell walls holding the stores. These would fold outwards to lower stores into the air stream before release and also close the cell, eliminating the problem of buffeting experienced with so many bomb bay designs. As with so many other submissions the bomb cell, or weapons bay, could accommodate a dedicated reconnaissance pack including cameras and linescan equipment (though the submission was bereft of any details on this), or a buddy refuelling pack (again, no details were provided). The carriage of rockets was complicated by the foreplane position; they would need to be angled down to clear it when fired (one can only imagine the difficulty of sighting the target). Bristol was the only company to deal with the problem of slow burning or late ignition of rockets. If this happened after retraction the resulting mess could be impressive, so the company proposed a metal grid in front of the pack to stop the rocket leaving the launcher, while the exhaust would be vented through blowout panels in the rear part of the bomb-cell doors.


Fuel tanks occupied much of the space above and behind the bomb cell, with the Doppler radar in the fuselage underneath the rear tank. Further fuel was contained within the thick wings, which also housed the main undercarriage units. The undercarriage used a conventional tricycle layout, with the main gear retracting sideways into the wing (rearward retraction having been investigated originally). Ground clearance gave rise to particularly long main legs, a four-wheel bogie enabling the use of smaller, higher-pressure tyres than would otherwise be the case, giving an overall LCN of 28. The legs were shortened by 20in (50cm) during retraction. The nose gear retracted rearwards and used the same wheels and tyres as the main gear.
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