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            13 March 2018 Rolls Royce Aircraft Engines – A Broad Heritage and an Exciting Future Prof Rick Parker, CEng, FREng, FRAeS (Ex Director of Research and Technology, Rolls Royce) The 4 th Elfyn Richards Prestige Lecture It is rare for the branch to re-invite a speaker. His presentation of the 1st Elvyn Richards lecture when he was Director of Research and Technology at Rolls Royce, addressed the latest aero-engine challenges, and on having recently retired he returned with a much broader perspective, addressing people, places, events and aero-engines overall that have impacted the technical evolution of aero- engine technology throughout more than 100 years. His presentation was focussed on facts and included some personal details on leading individuals. It was largely centred on Rolls Royce, but equivalently acknowledged other UK companies products, and their equivalent contributions to British aero-engine innovation. The starting point was the success of the Wright brothers in 1903 when they pioneered man- powered flight: ruefully he reflected that slightly over a decade previously a leading academic had propounded that “manned flight would never happen.” The Wrights’ engine was as crucial to their success as their aerodynamic and structural knowledge, and was innovative: especially citing how an aluminium alloy engine block was used to minimise weight. Three years later was when the Hon Charles Rolls and Henry Royce registered the name Rolls Royce. They were engineers with premises in Manchester, and involved with motor vehicles such as the Phantom, Nevertheless, Charles Rolls had been captured by the lure of aviation and acquired a license-built Wright aircraft, and in setting up the company, usually attributed to producing high- quality cars only, the deeds declared the firm as specialists in engines for “land, sea and air.” More spacious facilities were needed and an offer with a 5-years’ free land lease from the city of Derby led to a move from their plant in Lancashire to the midlands. Shortly afterwards Charles Rolls died from injuries sustained when his aircraft crashed at an Air Show in Bournemouth in 1910, and Henry Royce took on becoming the company’s driving force. It was in the aero-engine sector that he saw growth (possibly driven by impending war) and dedicated the majority of effort. The Rolls Royce Eagle, introduced in 1915, was to be the first of Page  of 1 8 Hon Charles Rolls Henry Royce 
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13 March 2018 Rolls Royce Aircraft Engines – A Broad
 Heritage and an Exciting Future Prof Rick Parker, CEng, FREng, FRAeS
 (Ex Director of Research and Technology, Rolls Royce) The 4th Elfyn Richards Prestige Lecture
 It is rare for the branch to re-invite a speaker. His presentation of the 1st Elvyn Richards lecture when he was Director of Research and Technology at Rolls Royce, addressed the latest aero-engine challenges, and on having recently retired he returned with a much broader perspective, addressing people, places, events and aero-engines overall that have impacted the technical evolution of aero-engine technology throughout more than 100 years. His presentation was focussed on facts and included some personal details on leading individuals. It was largely centred on Rolls Royce, but equivalently acknowledged other UK companies products, and their equivalent contributions to British aero-engine innovation.
 The starting point was the success of the Wright brothers in 1903 when they pioneered man-powered flight: ruefully he reflected that slightly over a decade previously a leading academic had
 propounded that “manned flight would never happen.” The Wrights’ engine was as crucial to their success as their aerodynamic and structural knowledge, and was innovative: especially citing how an aluminium alloy engine block was used to minimise weight. Three years later was when the Hon Charles Rolls and Henry Royce registered the name Rolls Royce. They were engineers with premises in Manchester, and involved with motor vehicles such as the Phantom, Nevertheless, Charles Rolls had been captured by the lure of
 aviation and acquired a license-built Wright aircraft, and in setting up the company, usually attributed to producing high-quality cars only, the deeds declared the firm as specialists in engines for “land, sea and air.” More spacious facilities were needed and an offer with a 5-years’ free land lease from the city of Derby led to a move from their plant in Lancashire to the midlands. Shortly afterwards Charles Rolls died from injuries sustained when his aircraft crashed at an Air Show in Bournemouth in 1910, and Henry Royce took on becoming the company’s driving force. It was in the aero-engine sector that he saw growth (possibly driven by impending war) and dedicated the majority of effort.
 The Rolls Royce Eagle, introduced in 1915, was to be the first of
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a family of aero-engines that would be used extensively in UK-designed aircraft: at first supporting military production for WW1, and later supplying to civil aircraft manufacturers. The Eagle was first used in 1915 and won acclaim in the twin-engine Vickers Vimy and numerous smaller aircraft. It was also used in the converted Vimy used by Alcock and Brown to conduct the first non-stop crossing of the North Atlantic in 1919. This 360HP engine was followed in the mid-1920s by the Kestrel and, although much larger still, a 12-cylinder vee-configuration 700HP unit that incorporated
 a supercharger and wet-cylinder liners for improved cooling efficiency. These were the major production units, but related engines were designed and used widely too, and effort transferred to the Model R (racer) engine for UK Schneider Trophy contestants: that culminated in the Supermarine S6B. This floatplane used an engine rated at 2,350HP, although it needed special fuel and a complex water-cooling system to reach such a high power output, This was not necessa r i l y good fo r an everyday aircraft, but the basic
 configuration, still 12-cylinder vee, once production-ready, was the template for the Rolls Royce Merlin. It had been as the R-series reached its initial goal that Henry Royce passed away in 1933 (age 70), so although he saw the initial successes, he did not live to see the full extent to which his enterprise did grow. This Merlin became possibly the most iconic of Rolls Royce aero-engines and was used extensively in WW2 and produced worldwide as well as in Britain for use in many leading military aircraft. Over 200,000 examples of the engine were manufactured. The Griffon was a higher-power derivative with variants used in RAF service until the 1980s.
 An influential event in the 1930s was when Frank Whittle patented and commenced development of the centrifugal configuration jet engine. His patents, having been refused funding in 1935, were revealed publicly and attracted German interest, leading to Hans Von Ohain developing an engine independently in Germany. An example flew in the Heinkel He178 in 1939, and Whittle’s W1 engine was ready to fly in the Gloster E28/39 two years later. The UK engine proved to have the most
 Page � of �2 8
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reliable configuration, although the German preference for an axial flow design, unreliable at the time because of material deficiencies, was to be the long-term solution used worldwide.
 U K g o v e r n m e n t d e p a r t m e n t s h a d a fragmented relationship with the visionary Whittle and assigned design/development authority to the Rover company, who struggled to come to terms with a form of propu ls ion that was entirely new to them. Progress was slower than the government desired, and while Rolls Royce was busy with the Merlin at the time, they took the opportunity given them to control the programme a n d a p p o i n t e d a p rom i s i ng eng inee r,
 Stanley Hooker, to run the rather small and secretive factory at Barnoldswick in Lancashire. The facility had been created through government collaboration and Rolls Royce inherited the Whittle W2. It was re-designated RB.23 Welland (the designation RB indicating Rolls Royce Barnoldswick. Rolls Royce has retained the tradition of naming jet engines after rivers (with one notable exception – to be revealed).
 This above development led Rolls Royce into the jet age, and as WW2 concluded they faced considerable competition from other UK companies. Firms such as de Havilland and Bristol kept engine and airframe capabilities on adjacent sites, but this allowed Ro l l s Royce to b id widely elsewhere and their chief product was s o o n t o b e t h e turboprop engine. The RB . 53 Da r t wa s a versatile design with a 2–stage centr i fugal c ompre s so r and i t a p p e a l e d t o a commercial market that demanded an engine of i t s ra t i ng . S imp le , reliable and considerably developed over a long period it became the most numerous turbo-prop engine in the UK (possibly in the world) with over 7,000 examples supplied over several decades. It
 Page � of �3 8
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first ran in 1946, rated at 1,200HP, but some later examples were rated at over 3,000HP.
 This had not left the pure-jet engine stagnant. The centrifugal compressor-based Welland and Derwent were both used in the Gloster Meteor. There fol lowed the Nene, but this was developed and supplied for the Hawker Sea Hawk and Supermarine Attacker only. By then an axial-flow compressor jet engine was largely preferred and the Rolls Royce Avon became the mainstay of the company’s production lines from early
 in the 1950s. It was used in numerous military aircraft, notably the Hawker Hunter and English Electric Lightning, by the French in early variants of the Caravelle, and the de Havilland Comet after i ts re-design in the 1950s, leading up to the Comet 4 which had four A v o n e n g i n e s a n d conducted the first trans-At lant ic jet-powered p a s s e n g e r f l i g h t . Al though product ion ceased in the 1970s, we w e r e i n f o r m e d o f examples still in use today, although these are in nautical rather t h a n a v i a t i o n a p p l i c a t i o n s . A significant development was the Conway by-p a s s , o r t u r bo f an ,
 engine. This was a two-spool engine, the front (low-pressure) compressor in a casing that directed a proportion of the flow into a peripheral ‘by-pass duct’ directly to exhaust jet pipe. The remaining flow passed through the h igh-pressure compressor, the combustors and both high and low pressure turbines. This configuration has a greater propulsive efficiency than a pure jet, and principally the larger the proportion of air in the by-pass flow the more economical the
 Page � of �4 8
 De Havilland Comet 4 : 4 Rolls-Royce Avon turbojets
 Rolls-Royce Avon turbojet
 Rolls-Royce Conway 508 with sound attenuating nozzle

Page 5
                        
                        

engine will be. Several Conway variants were put into service and were used in airliners (Boeing 707, Douglas DC8 and Vickers VC-10) and the Handley Page Victor bomber.
 There were two fields of activity that were drawn into the chronology, although they were to be additive to the mainstream of latter-day production. First was ‘speed’ and referred to the development of the powerplant for Concorde. This was a Bristol engine, the Olympus, but from 1966 the former rival company was merged with Rolls Royce. The Olympus 593 was the largest of a line of engines bearing the same name, and was a two-shaft turbojet with an afterburner. The aircraft could cruise on dry power, the engine efficiency being remarkably good as a variable throat-area intake that slowed the intake flow to subsonic speed at the engine face was an integral part of the whole propulsion system. As Concorde was withdrawn from service in 2003 all such work came to an end.
 The additional non-mainstream activity was in the vertical take-off and landing (VTOL) aircraft engine field. Rolls Royce had conducted research with an incongruous test-bed always referred to as the ‘flying bedstead.’ From this experience they evolved specialist engines that were designed to be vertically-mounted, lightweight, had a high power-weight ratio and were designed for short-
 periods of operation. These were constructed using largely composite materials and were in demand for prototype VTOL designers worldwide, but no significant production ensued. However, Bristol had preferred to use a high by-pass flow turbofan engine using two exhaust nozzles from behind the fan and two more on a bifurcated jet pipe. The technical work on this, the Pegasus engine, came largely under the direction of Stanley Hooker, and i t was the marriage of his innovative design within an equivalently
 novel airframe, the Hawker P1127 that later evolved into the Harrier, that resulted in the most successful jet-powered VTOL aircraft put into production and used for military applications from 1968. The engine and airframe were developed further over time, and have served with six nations, including the USA where the largest fleet is still in use.
 The Rolls Royce engineers have more recently applied Harrier experience to the US Lockheed-Martin F-35B Lightning II V/STOL and supersonic flighter/strike aircraft. The core engine is a US product, but the aircraft has a unique swivelling hot exhaust nozzle, reaction jets for roll control and a contra-rotating vertical fan unit, all supplied through Rolls Royce. It is the most advanced modern military aircraft concept in service, and the product of a considerable amount of development in aerodynamic, structural and propulsion capabilities.
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Meanwhile, the majority of Rolls-Royce work over the last 50 years or so has been on high by-pass ratio (HBR) turbofan engines. The presentation concluded by resuming its coverage of commercial engine development from the time of the Conway to the present.
 Looked upon generally each stage of development over th i s per iod has re la ted to a spec i f i c advancement in engine capability, but we were left in no doubt that the path also presented plenty of pitfalls, and that Rolls Royce took punishment on occasions. The RB211 (the one commercial engine to which the company never attributed a name) evolved fo r t he th ree -eng ine Lockheed TriStar in the late-60s, and was unique because it used a three-spool configuration with low, intermediate and high pressure sections. All major competitors choose, and have stayed with, two-shaft engines and this distinction has become a profound and invaluable asset to the company. However, an initial pitfall for Rolls Royce was that they designed both composite and titanium fan units and, knowing the latter was the least risky but heavier option, they preferred the lightweight composite (carbon-fibre) unit. In the late 60s the government was funding this enterprising research and chose at a critical stage to fund only the composite fan. Later, after failing bird-ingestion tests, the programme slid into delays. Reactivating the metal-fan project took time, especially to complete testing, costs became crippling and in 1971 the company had to declare bankruptcy. The UK government stepped in and nationalised the firm thus allowing
 t h e c o m p a n y , w i t h c o n s i d e r a b l e l o s s o f confidence and delays on work p rogrammes , to comple te the tes t ing , cer t i f i cat ion and then supply a landmark engine, t h e R B 2 1 1 - 2 2 w h i c h delivered 43,000lb thrust in initial TriStar service. (Rolls Royce returned to private ownership in later years).
 The new-generation Rolls Royce commercial engines have been three-shaft turbofans, and they have continued to challenge
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competitor efforts to out-perform them. The RB211-524 (delivering up to 53,000lb thrust) joined airline fleets on later Lockheed TriStar, Boeing 747-200 and -300 aircraft around mid-70s. A few years later the lower thrust RB211-535 variant (up to 43,500lb thrust) was introduced on the Boeing 757 in the late 70s.
 Later evolutions have used newer materials, and adopted the name Trent, and have been used on Boeing 777 and 787, and Airbus A330, A340 , A380 and A350 aircraft, winning good market share, and being especially successful on the A350XWB (extra wide-body): the 84,000lb thrust Trent XWB-84 engine was described in a presentation to the branch only 12 months ago, but in this presentation we were reminded that the 97,000lb thrust Trent XWB-97 variant for the larger A350-1000 airliner, now entering service, was certificated last year. Meanwhile the Trent 892 for the Boeing 777 was certified at a slightly higher rating some years ago. The Trent 900 series are used in the large-capacity and four-engine Airbus A380 with ratings between 70,000-80,200lb.
 Other lines of activity were covered briefly, including considerable overseas acquisitions, and collaborations, especially in the USA and Germany. These are significant and only lesser business units in terms of scale. They maintain the company’s presence in the smaller gas-turbine jet engine and turbo-shaft (the latter largely for rotary-wing aircraft) markets.
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The speaker forecast an exciting future, but conceded that research receiving the most press interest is still concentrating on principles a long way in the future. He concentrated on the often overlooked trend toward all-electric aircraft, and the issues this aim is creating at the current time. Replacing hydraulics is not always easy, and the power needed to retract the main gear on the existing generation of airliners has led to hydraulics being retained in that area – although retractable nose gears are already electrically actuated. The trend towards fly-by-wire flight control and electrical actuation of all flaps and other external flight controls has increased the electrical off-take from the engine. Air-conditioning systems that are no longer using engine bleed air are in service. This is good, as it avoids engine oil contamination, but it adds the need to condition larger volumes of ambient air, and nowadays the demand is increased even more as manufacturers also seek to increase passenger cabin pressure in carbon-fibre structures. Assisting the engine designer in terms of reducing air-bleed demand is therefore requiring more electrical supply – which is still derived mechanically from the engine – and he quoted a figure in excess of 1MW for a typical modern higher-capacity twin jet airliner.
 Hybrid engine with gas-generators and stored electrical power driving fans were hinted, but a battery-based solution was cited only in terms of demonstration so far in light aircraft, and neither scorned nor championed for commercial aircraft in the future. The clearest message was that a new era is on the horizon and if any firm is ready to dedicate effort to making the future of aerospace propulsion more environment-friendly the company has the right foundation on which to carry skills and knowledge forward. It was a recent retiree’s insight into the ‘exciting’ future that faces incoming and spirited younger engineers.
 The presentation was greatly appreciated by the 150 or so attendees, and was stimulating in terms of its pragmatism as the speaker reflected on knowledge and experience, and the days that were often as glorious as they were gloomy, but that on being carried through to success in due course have created a legacy to cherish.
 Lecture notes by Mike Hirst
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