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Disclaimer

The Author does not have any kind of financial investments, direct business associations or financial stakes of any sort in any of the companies included & mentioned in this work. It does not promote or endorse any particular company or industry player & its products over others in any manner whatsoever. The overall scope & directional reference compass of this work primarily is the global commercial aircraft market with focus on select aircraft and engine OEMs from a business strategy perspective.

The analysis has been purely anchored on factual evidences available in the public domain based information sources and utmost effort has been made to ensure fair play to present the most objective view of reality against the backdrop & in light of the available facts rather than taking a biased view skewed towards any of the industry players covered. 

The opinions expressed throughout are purely author’s personal and the views & judgments presented are neither directed or targeted at anyone nor meant as pontification of any sort and are solely based on objective assessment of prevailing situations, decisions & outcomes. The names of engines, airplane programs, products, systems and/or brand names mentioned wherever through the work are intellectual property of their respective owners and their mention has been done only & purely for information & creative purposes and it does not indicate or reflect and should not be construed as any kind of promotion or endorsement of any kind. 

The lenses used to view and analyze the series of events & key junctures have primarily been of strategy rather than just history which invariably led to limiting the scope for deep dives to areas & angles relevant from the strategy perspective. It is also not intended as a technology/technical guide with the inclusion of some technical aspects & performance parameters for analysis done purely from the relative strategy perspective. 

The information and facts contained herein are believed to be correct at the time of publication but cannot be guaranteed. All the information presented has been derived from reliable sources, reasonably verified & has been presented purely & solely for informational purposes only. The views expressed throughout are based on broad analysis & assessments only and thus should not be substituted for professional advice & opinion of any kind prior to decision-making. The author expressly disclaims any and all liability to any person or entity pertaining to potential outcomes or consequences of any decisions or actions taken based on the contents of this publication.  

The analysis presented cites quotes, comments, statements and very short excerpts from public reports; derived from public domain based information sources; originating from & pertaining to industry leaders, senior company executives, industry & company analysts, journalists, aviation authorities, industry bodies & other authority figures from the commercial aviation industry with reference to particular situational contexts with citations, proper attribution & due credits provided under fair terms of use. The incorporation of these has been done throughout purely to provide readers with actual prevailing viewpoints, opinions & industry stakeholders’ take on the specific operating and/or strategic context being analyzed as contextual evidences for the lines of analysis presented, angles of view taken and positions adopted on strategy moves as well as inferences & conclusions drawn. The approach has also been taken for the readers to be able to fairly construct the contours of the subject matter clearly, review them, be able to form their own unbiased judgments, opinions & viewpoints and be able to explore the subject further by treading along the provided pathway & digging deeper. 

The presented content contains generic information only and is not suitable for addressing specific or particular circumstances of any specific case or scenario. The content, thus, is not intended to be used as a basis for taking decisions of commercial or any other nature. The authors and the publisher disclaim all liabilities originating from the outcomes of the application of the contents in real-life scenarios without duly conducting thorough due diligence and without seeking professional advice & opinion from relevant subject matter experts. 
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The American Jetliner 
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“You can best predict your future by controlling it yourself, not by trusting luck or fate to control it” – Sun Tzu – The Art of War

Boeing, since its inception in 1916 as an airplane manufacturer, had been focused primarily on the military aviation market with its famed bombers having been the spearhead of the U.S. Army Air Corps’ bomber force during and through World War II which are an integral & indelible part of military & world history forever. Boeing, and its supply chain partners, collectively produced around 98,9651 aircrafts for the allied forces, which were almost a third of the total military aircraft production through the course of the war. The B-17 Flying Fortress and the B-29 Super Fortress were both Boeing products, with the Boeing-built B-29 Super Fortress also used by the allied forces to drop atomic bombs on Hiroshima and Nagasaki at the very end of the Second World War. 

Even in the military aviation market, back then, in the era of piston-engine aircrafts, Boeing effectively disrupted the market technologically with a highly advanced bomber design featuring a pressurized cabin, an advanced fire control system powered by analog computers which enabled a crew of just two, a gunner and a fire-control officer, to manage 4 turret-mounted remote machine guns and a state-of-the-art dual-wheeled tricycle landing gear. Boeing even self-funded a significant part of the massive investments required for the design, development & production of the B-29; pegged almost at $3 billion, which was even more than the $1.2 billion spent on the Manhattan Project for the A-Bomb effort; which began, in earnest, prior to the onset of the war in 1938.   

The B-29 Super Fortress platform, however, was used extensively to develop a range of derivative military aircrafts, including the C-97 Stratofreighter military airlifter and the KC-97 aerial tanker, both of which were developed & produced in large numbers through and after the war.  

Boeing and Commercial Aviation

Unlike military aircrafts; in the commercial aviation market, especially in the post-war market of the mid-to-late 1940s, which was still dominated by piston-engine aircrafts; Boeing was more or less a marginal player with a miniscule market share while Lockheed Corporation and Douglas Aircraft Company ruled the roost with their Constellation and DC-6 commercial airliner programs respectively. 

As military spending declined after the end of war, most industry players focused on commercial aviation by repurposing their existing military aircraft platforms for civilian use or developing commercial derivatives from military platforms. Lockheed Corporation developed its 40+ seat L-049 Constellation civil airliner for passenger service based on TWA’s requirement with its wing derived from the P-38 Lightning. Designed by Kelly Johnson and his initial boss, Hall Hibbard, the Constellation entered commercial service in 1943, with its military transport variant dubbed as the C-69 used extensively by the U.S. Army Air Force during the war. Douglas, on the contrary, developed its DC-6 civil airliner in 1946 with a seating capacity ranging from 48 to 68, which was based on its military airlifter platform, used as the C-118 Liftmaster by the USAF and the R6D by the Navy.  

The pre-war era’s commercial aviation market had earnestly taken-off in the mid-1930s and got a further boost with the creation of the Civil Aeronautics Administration (precursor of the current FAA) as the industry regulator in 1938. Boeing’s primary contender in that market was its 307 Stratoliner, which was derived from the B-17 Flying Fortress, entered commercial service in 1940 and competed with Douglas’ DC-3 & DC-4 respectively. Boeing also produced the long-range 314 Clipper flying boat which was produced from 1938 to 1941. However, it had a very limited market uptake with only 12 Clippers and 10 Stratoliners produced by Boeing while Douglas produced over 1,200 DC-4s, including, the military variants. 

In the post-war era commercial market, Boeing’s flagship product was the long-range 377 Stratocruiser capable of undertaking transoceanic flights. Developed in 1947, the 377 Stratocruiser had been based on the military C-97 Stratofreighter, which, in turn, had been derived from the B-29; just like the KC-97 earlier. 

However, unlike the Lockheed Constellation and Douglas’ DC-6, both of which had been produced and sold in huge numbers, the Stratocruiser, had failed to make a mark in the post-war commercial airliner market, much like the pre-war era, owing, primarily, to its relatively large size & much larger maximum seating capacity of 100+ (typical 63 to 84) resulting in a relatively way higher sticker price of $1.2 million per unit, as against a list price of $425,000 for the Constellation, as negotiated by Howard Hughes for his TWA, as the launch customer, in the pre-war era; while the relatively larger DC-6 was available for around $800,000 in 1946-47. 

Boeing, thus, looking desperately for a toehold in the commercial market after the end of war, managed to sell only 55 aircrafts as compared to 800+ for the Connie and 700+ for the DC-6. Boeing, thus, clearly was offering products which were niche and not exactly what the market really wanted as Boeing was just offering commercial variants of its military bomber platforms which were much larger in size and much more cost intensive to buy, which, though, were good for transatlantic and transpacific routes with a premium positioning at the top end of the market spectrum, but where, nonetheless, impractical for mass market utilization.   

The Jet Age

Europe had been the fountainhead of technological developments for centuries, especially when it came to military weapon systems & technologies, as the continent has actually been forged in the crucibles of inter-state wars for millennia with these wars waged for one-upmanship, influence, dominance and supremacy. If the First World War witnessed the emergence of the tank as a counter capability for trench warfare and usage of chemical weapons as weapons of mass destruction (WMD); the Second World War saw the rise of mechanized infantry & its lethal utilization with blitzkrieg, early ballistic missile technology with the German V2 rockets and revolutionary advances in nuclear physics culminating in the development of the atomic bomb. 

The Second World War also led to the rise of another key technological leapfrogging, the development of the jet engine and the jet-powered fighter aircrafts, which clearly was a generational leap in technological capabilities. However, the development of the jet engines during the war for military applications invariably had to lead to their utilization for commercial applications in the post-war era, just like most other technologies with potential, dual-use applications.

The jet engine, thus, heralded the dawn of the jet age in commercial aviation after the war with the British pioneering that effort and De Havilland’s DH-6 Comet becoming the world’s first commercial jetliner which undertook its maiden flight in 1949. The development and use of commercial jetliners was largely dominated and led by the Europeans in the early to mid-1950s, as the market transitioned from piston engines-powered aircrafts to larger, high capacity, more efficient and relative much faster jets. The British further refined their DH-6 Comet while the French developed their Caravelle and the Soviets produced their Tu-104 in the mid-to-late 1950s, all of which were powered by early turbojet engines. 

The Golden Opportunity

In America, the dawn of jet age was viewed by Boeing as another, not-to-be- missed opportunity for a deeper and much more meaningful foray into the commercial aviation market, especially in the post war world, where, despite of the outbreak of Cold War with the Soviet Union and continued strong demand for bombers, aerial refueling tankers and military airlifters; a typical Boeing forte, commercial aviation still held a much bigger promise and growth potential, especially in a market like America. 

In the military aviation market, Boeing produced its first jet-powered bomber, dubbed the B-47 Stratojet, which had its maiden flight in December 1947. The B-47 was produced, in response, to a USAAF’s requirement for a reconnaissance bomber to be powered by jet engines as an upgrade from the previous, piston engines-powered bombers. The Stratojet incorporated and featured major technological advances, including, swept back wings, derived from captured German research on jet fighters during the war, intended at delaying the onset of shock waves and countering the build-up of aerodynamic drag caused by fluid compression at near the sound barrier and the development of podded engines, with the turbojet engines encased inside nacelles and mounted on pylons below the aircraft wings.   

In commercial aviation, De Havilland had already grabbed global attention with the first flight of its DH-6 Comet, the world’s first commercial jetliner, in 1949, which sent out a clear message to the world that the future of commercial aviation lay in jet engines and even caught Boeing’s attention. De Havilland subsequently showcased the Comet to the world with a stunning flight display at the Farnborough Airshow held in 1950. 

Boeing, impressed by the Comet, sent a bunch of its executives, led by Bill Allen, Boeing’s President at the time, to Farnborough to witness the Comet in air. The company delegation even visited De Havilland’s production facility for Comet based in Hatfield, Hertfordshire to see the production process and the assembly line in action.

Armed with the existing B-47 Stratojet platform and latest technological breakthroughs, especially the swept-back wing design and podded engines; which, clearly, were an improvement over Comet’s overall airframe design & embedded engine configuration, intended at reducing the aerodynamic drag caused by podded engines; Boeing got to the drawing board and created the basic blueprint, as part of its grand plan, to disrupt the commercial aviation market in America by introducing an all-American jetliner derived from the B-47 Stratojet, just as it had tried earlier with the civilian variants of the B-17 and B-29. 

Further, the USAF was also in the hunt for a new jet-powered aerial refueling tanker which could match the speed as well as capabilities of its latest jet engines-powered fighters and bombers, which were in the process of development. In fact, the USAF had specifically placed requirements for a new jet-powered aerial tanker and bomber in 1952 while the Navy, too, outlined request for a supersonic, deck-based jet fighter in the same year. Clearly, the market was transitioning towards jet propulsion and there was need for a jet-powered supersonic platform which could be developed as a commercial airliner as well as a tanker.    

The Existential Bet

Model 473-60C was Boeing’s concept for a jetliner which was developed by the company in 1950 and pitched to airlines in America. However, they were not wooed by Boeing’s idea as the airlines were happy with their existing, in-service piston engines-powered aircrafts, including, DC-4, DC-6, Constellation & Super Constellation and did not want to recapitalize their existing fleet while also being unconvinced about the merits of transitioning to jet aircrafts, in addition, to being unconvinced about Boeing’s ability to actually being able to develop a jetliner given that, back then, Boeing was a name mostly associated with large military bombers which had won America the war. 

However, Boeing was determined that it was its moment to shine to glory in the commercial aviation market and it had to be seized as there was also the opportunity to derive a military variant out of the aircraft for the USAF which was already seeking a jet-powered aerial tanker by 1952 to match its supersonic fighters & bombers. Boeing leadership, thus, undertook a huge bet and decided to develop an actual flying aircraft, almost as a proof-of-concept demonstrator, which would prove the point for itself. The company even raised $16 million from the financial market, by pledging the company as collateral, to fund the ambitious prototype, which was a huge gamble indeed, especially after the company had already booked $15 million in losses on the 377 Stratocruiser program with the production line winding up prematurely with only 55 aircrafts being sold. 

Boeing, earlier, had also won a USAF contract just a couple of years ago in 1946 to build its next generation jet- bomber, which ultimately became the legendary B-52 Stratofortress, which, too, featured swept-back wings & podded engines (even before the 367-80 was manufactured) and is still in active service with the USAF after over 75 years of its inaugural flight in April 1952.   

Boeing studied multiple aircraft designs and engine layouts configurations and ultimately settled on the quadjet. The chosen prototype was designated as the model 367-80, or simply Dash 80, as a derivative of the existing Model 367/the KC-97 Straitofreighter, with the construction work starting in November 1952 and completed within 18 months in mid-1954 with it largely being hand-built using minimal production tooling. 

The aircraft was designed to and capable of carrying 160 passengers over a range of 3,530 NM and was powered by 4 JT3C turbojet engines produced by Pratt & Whitney; which was the civilian variant of the J57 which already powered the B-52; with each generating a specific thrust output of 10,000 lbf, way more than the early turbojet engines. The Dash 80 was rolled out on May 15, 1954 and undertook its maiden flight on July 15, 1954. It is important to note that Boeing, simultaneously, was also working on the production and induction of the B-52 into service with the USAF which eventually happened in February 1955.                          

The production variant of the aircraft was designated as the 707, as the initial model of the 700 series, as Boeing’s existing 300 product series was already in use for its piston-engine aircrafts, like the 377 Stratocruiser, while the 400, 500 & 600 series were also in use on other military programs. 

Boeing used the Dash 80 prototype effectively to market it to airlines and senior executives from the industry subsequently using demonstration flights. The company even showcased the Dash 80 at key industry demonstration events to highlight the capabilities and merits of a jet-powered airliner. In August 1955, a year later after its inaugural flight, Boeing showcased the Dash 80 at the Seafair and Gold Cup Hydroplane Races held on Lake Washington in Seattle, to which, it invited a swarm of industry representatives from the Aircraft Industries Association (AIA) and International Air Transport Association (IATA). The Dash 80 was slated to perform a simple flyover at the event, as part of its demonstration flight, but Boeing test pilot Alvin Johnston had other plans in mind that day. He, instead, pulled off a great aerial stunt and also carried out two barrel rolls with the Dash 80 to showcase its superior handling & aerodynamic capabilities over the previous generation piston airliners for which he was duly taken to task by the Boeing President Bill Allen. 

Ultimately, it was the USAF which ultimately became the launch customer for the military variant of the Dash 80 in 1954, designated as the KC-135 Stratotanker, which was to be used as an aerial refueling tanker, as well as developed as the C-135 Stratolifter, a military transport aircraft. However, the journey of the Dash 80, from being a prototype to the actual production 707, still had an impediment. 

Douglas, which was the leading market force at the time in commercial aviation, was preparing to launch its DC-8 commercial airliner, as a successor to its existing DC-6, while competing head-on with Boeing for the USAF’s aerial refueling tanker program with a military derivative based on the DC-8. The DC-8 was slated to have a fuselage width of 147 inches which would have enabled a six-abreast seating layout while the Dash-80 only had a fuselage width of 132 inches, which would only have been suitable for a four-abreast seating layout. The airlines, clearly, were in favor of a wider fuselage which translated into bigger seating capacity and Boeing, thus, had to oblige. Boeing leadership and airplane designers, under siege from American Airlines, had to relent and subsequently increased the 707’s fuselage width to 148 inches, an inch more than its archrival, the DC-8.

The 707-120, the initial model of the 707 series, took to the skies for its maiden flight, powered by Pratt & Whitney’s JT3C turbojet engines, on December 20, 1957, 3 years after the first flight of the Dash 80 prototype earlier in 1954, and series production starting a year later in 1958.

Impact & Outcome

The Boeing 707, as America’s first-ever jetliner, was very well received by the market, as a highly capable commercial aircraft & disruptive product proposition, entering at a highly opportune juncture in the progression of commercial aviation, shaped invariably by the industry’s technological leap from piston to jet propulsion. The 707 was not the world’s first jetliner but rather was one of the most widely used commercial airliner and for this reason it is also credited with having heralded the dawn of jet age commercially by having been the most mass-produced commercial airliners in the early phase of the jet age. 

The 707, thus, duly established Boeing as the third leading market force in commercial aircraft manufacturing with the company deservingly rewarded by market forces for the pioneering effort and almost the existential bet with deep market inroads and a sizeable market share, after Douglas and Lockheed respectively. Boeing even derived another commercial aircraft, the 720, developed from the 707 as a trijet, essentially as a shorter stretch of the 707 for short range flights, which enabled Boeing to further broaden its product line-up in the commercial market without putting in substantial costs usually involved in developing aircraft platforms from scratch-up. Overall, over the 20-year span, from 1958 to 1978, almost 1,010 707s were built, under different variants, including 720s, for commercial usage. 

Further, a number of military variants were also developed from the 707 platform, including, the C-137 Stratoliner for VIP transport, E-3 Sentry as the AEW&C aircraft, E-6 Mercury as the Airborne Command & Control aircraft and the E-8 Joint Surveillance Target Attack Radar System, or JSTARS.  

Additionally, the USAF ordered over 800 KC-135 aerial refueling tankers from 1955 to 1965, including international exports and multiple other variants, with all based on the Dash-80 prototype, including, the C-135 Stratolifter transport aircraft, EC-135 Command & Control aircraft, NC-135, NKC-135 & WC-135 special mission aircrafts and the RC-135 ISR aircraft. A large number of these aircrafts are still in active service with the USAF, even after more than half a century of their original induction into service, and form the backbone of USAF’s force structure and overall capabilities.  

Further, compare that to the around 550+ DC-8s which were ultimately produced by arch-rival Douglas from 1958 to 1972, while it also merged with the McDonnell Corporation in 1967, in the process, to ultimately form McDonnell Douglas, another industry powerhouse operating across both military & civil spectrums. Lockheed, the third leading OEM in commercial aviation back then, ultimately ejected from the commercial side of the market in the early 1970s, owing to the losses suffered on its last & beleaguered commercial airliner, the L-1011, despite incorporating brilliant technological advancements & breakthroughs, including a fully automatic landing system, but brought down by a worst possible market entry amid the peak of the recession of the early 1970s. 

However, Boeing’s dominance of the commercial aviation market, as the Goliath and almost market hegemon through the 1960s and the 1970s decades, was going to be short lived and challenged, once again, with the emergence of another David as the new aerial challenger, which appeared, unsurprisingly yet unexpectedly, from the other side of the Atlantic... 
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Engine Wars - The Rise of the Eagle
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“You must be guided by the actions of the enemy in attempting to secure a favorable position in actual warfare."– Sun Tzu, The Art of War

Commercial aviation had already taken off with the dawn of the jet age, first in Europe in the early 1950s and later in America in the late 1950s, spearheaded largely by the Boeing’s 707 program in the U.S., which had (since its launch in 1957) by then positioned itself superbly as the leading market player along with its smaller variant, the 720, with the competing Douglas DC-8, powered by Pratt & Whitney’s JT3C turbojets, trailing far behind. The 707, however, was a narrow body aircraft and the surge in passenger traffic during the 1960s had already started choking & causing congestion at the airports, as serving burgeoning passenger traffic with narrow bodies meant frequent flights and an overwhelmed aviation infrastructure, which created another market opportunity which was duly seized and capitalized upon by Boeing in the 1960s with the world’s first wide body aircraft program, the 747.  

From Turbojets to Turbofans 

Turbofans were a natural, evolutionary extension of the turbojets, with the endeavor undertaken right after the end of World War II by the British engineers. Structurally, the difference between the turbojets and turbofans lies in their operating mechanisms led by the overall passage of the air through the engine core. In turbojets, all of the inlet air passes through the combustion chamber & the turbines directly while in the turbofans some of the inlet air goes into the combustion chamber & turbine (engine core) while some of it bypasses them with the use of a ducted fan. 

Thus, the turbofan essentially is a turbojet mated to a ducted fan with both of these contributing to generation of thrust and the ratio of air going into the core vs. the air bypassing the core (termed bypass ratio) determining the thrust & fuel efficiency of the engine. The civilian turbofans used in commercial aviation have a majority of the air bypassing the core as they essentially need maximum fuel efficiency while powering commercial airliners & ferrying passengers while in military turbofans a majority of the air goes into the core rather than bypassing it to generate maximum thrust which the military aircrafts need for performance. 

Further, commercial turbofans are designed for efficiency, reliability and durability given the fact that commercial airliners almost clock 3,000 to 4,000 flight hours per year while military turbofans are designed for maximum performance & reliability and fighter jets clock these many flight hours over their entire lifespan of around 3 to 4 decades. 

Early Turbofans

The early turbofans were developed by the industry to address two key problems with the turbojets. First was their low fuel efficiency and the second was high noise. The turbojets had poor thermodynamic efficiency due to a low pressure ratio which was later addressed with improved materials & changes in compressor designs. The turbojets also had poor propulsive efficiency due to a high specific thrust/high velocity exhaust which is more suitable for supersonic stages of the flight. 

For this reason, turbojets are still used in missiles & some UAVs, which more or less fly mostly at supersonic speeds throughout their flight trajectories while the civilian turbofans, with their high bypass ratios, are mostly used in commercial aviation for flying at high sub-sonic speeds to generate maximum fuel efficiencies.  

The early, low bypass turbofans had a multi-stage fan behind the inlet guide vanes which produced a relatively high pressure ratio as compared to turbojets. Thus, in the original, low-bypass turbofans the propulsive efficiency was somewhat improved by reducing the exhaust velocity as compared to the turbojets. However, their bypass ratios were still low and almost the same as their military counterparts used in fighter jets. 

For instance, the world’s first production turbofan engine, Conway from Rolls Royce was introduced in the late 1950s, featuring a very low bypass ratio of 0.3 which was essentially the same as the GE’s F404 military turbofan engine developed in the 1970s and which powers the Boeing’s F/A-18 Hornet and was also used on the world’s first stealth fighter, the F-117 Nighthawk built by Lockheed Corporation. For this reason of low-bypass ratio, the Conway was extremely noisy (especially during take-offs) despite the incorporation of mechanical noise suppression mechanisms (hush kits) and had relatively very little fuel efficiency improvements over turbojets of just 2% and was, thus, had a relatively very short life span in which it powered the early variants of Boeing’s 707 (707-420) & DC-8 (DC-8-40) in late 1950s & early 1960s.

The Battle of Heavyweights - Pratt & Whitney vs. Rolls Royce in the Late 1950s

Pratt & Whitney was aware of the competition & the looming threat from Rolls Royce’s Conway and developed its JT3D low-bypass turbofan engine in the early 1960s for the 707 & DC-8, which were originally powered by the Pratt & Whitney’s JT3C & JT4A turbojets. The JT3D was, in fact, Pratt & Whitney’s first commercial production turbofan and was, in turn, derived from its J57/JT3C turbojet developed in the early 1950s, primarily for military applications, as the practice of deriving engine variants for commercial applications from military engines has been common & rampant among engine OEMs throughout the history of aviation. 

The J57-derived JT3D (USAF designation TF33) powered the original B-52H Stratofortress Bomber program in the mid-1950s along with the E-3 Sentry AWACS, KC-135 & E-8 JSTARS aircraft programs. The JT3D had a 2-stage fan set-up and had a bypass ratio of 1.42:1 along with an overall pressure ratio of 16:1 while generating a max thrust output of 17,000 lbf. The JT3D turned out to be one of the very successful engine programs for Pratt & Whitney with around 8,000 engines produced over the 1959 to 1985 period while the in-service fleets of around 1,000 TF33 engines-powered B-52 & E3 AWACS aircrafts, some of which are still in service, have collectively accumulated over 72 million flight hours over the past 6 decades.  

Pratt & Whitney even provided the operators of early variants of 707/720s & DC-8s, powered by its JT3C turbojets, with conversion kits which could convert them effectively to the JT3D standard during shop visits leading to a 35% increase in thrust output along with a 15% to 22% improvement in fuel efficiency along with a reduction in noise output of almost 10 decibels without adding any weight penalty4. That’s how Pratt & Whitney effectively torpedoed Rolls Royce’s Conway and its market prospects. 

Pratt & Whitney even developed another low-bypass turbofan engine in the early 1960s which was designated as the JT8D. The JT8D was derived from Pratt & Whitney’s J52 turbojet engine, which had powered the U.S. Navy’s A-6 Intruder and A-4 Skyhawk attack aircrafts and had in fact been developed itself from the J57. The JT8D had a thrust output range of 12,250 lbf to 17,400 lbf with a bypass ratio of 0.96:1. It was developed for & ultimately debuted on the Boeing’s 727, earliest members of the 737 program (737-100 & 737-200) and the DC-9. 

The Coup by Pratt & Whitney Engineers

There is a very interesting, real story behind how Pratt & Whitney engineers, as described by author Jack Connors, a Pratt & Whitney engineer, in his book, “Engines of Pratt & Whitney – A Technical History”, effectively staged a coup to ultimately get Pratt & Whitney on to the Boeing’s 727 program which was all set to be powered by Rolls Royce’s Spey engines. Boeing was set to launch its 727 tri-jet program in the early 1960s to complement the 707 in its aircraft line-up and had already chosen the Rolls Royce’s Spey engines to power it which were being heavily promoted by Rolls Royce at the time. United and Eastern Airlines were Boeing’s potential launch customers for the 727 which were actively urging Pratt & Whitney to come up with a turbofan engine of its own or else they were “willing to go with the Rolls Royce engine!” 

Pratt & Whitney vs. Rolls Royce – Early Powerplays - Implications

Pratt & Whitney engineers got in touch with the technical personnel at Eastern & United Airlines, roped in their own top management and ultimately got the green light for the proposal to develop the JT8D from the J52 turbojet internally with full backing and development funding. The development started in the 1960 and the JT8D engine was ultimately born in the 1963. 

The development, however, had major implications for both Pratt & Whitney and for Rolls Royce. The development of the JT8D and getting onboard the 727 program, which was one of the most successful commercial aircraft programs of the 1960s, gave Pratt & Whitney a virtual head start in the commercial aircraft market with a relatively reliable & maintenance friendly low-bypass turbofan which went on to dominate the narrow body aircraft market for almost next two decades while effectively keeping Rolls Royce out of it once again. 

For Rolls Royce, the 727 would have been the perfect timing & opportunity to foray into the commercial aviation market for a long haul but Pratt & Whitney’s engineers ensured that it did not happen! Just the way they had denied Rolls Royce (with its Conway & Avon turbojets) earlier with the development of JT3Ds for DC-8 & 707 quad jets. Further, across the North Atlantic in Europe, Rolls’ own backyard, the JT8D ultimately powered the later variants of French Dassault Mercure and the Super Caravelle B aircraft programs as well.

Pratt & Whitney, later in the 1970s, also developed the JT8D-200 variant featuring a higher thrust output range of 18,500 to 21,700 lbf along with a higher bypass ratio of 1.74:1 which ultimately powered the McDonnell Douglas’ MD-80 program. A total of around 14,750 JT8D engines were produced by Pratt & Whitney of which around 20% or 2,900 engines were the -200 variants and the JT8D engines remained the industry benchmark for reliability for almost 2+ decades till the advent & market domination of CFM56.  

Pratt & Whitney vs. GE in the 1960s

Pratt & Whitney, thus, was a dominant industry force when it came to aircraft propulsion in the 1960s given its strong market positioning & well-established presence in the military aircraft propulsion market with the J52, J57, TF33 & the J58/JT11 engine (and their derivatives) and well-entrenched presence on some of the most important, highly successful & almost iconic military aircraft programs in the USAF’s force structure, namely, the B-52 Bomber, KC-135 aerial tanker, the SR-71 Blackbird, E-3 Sentry AWACS & E-8 JSTARS and the C-141 Starlifter (almost all variants of the 707 & Dash 80 based aircraft programs) with many of these still around almost over more than half a century later. 

In commercial aviation, engines derived from the J57 powered almost all of the leading aircraft programs developed by Boeing & McDonnell Aircraft, namely, 707, 727, 737-100 & -200, DC-9 & later the MD-80. Pratt & Whitney, thus, produced around 22,000+ engines (including those derived from) based on its J57 platform for military & commercial usage from 1950s to almost 1980s. Pratt & Whitney was also the pioneer in developing the industry’s first production afterburning turbofan engine, in form of the TF-30 in 1964, which powered the General Dynamics’ F-111, Northrop’s F-14A Tomcat and the A-7 Corsair II with a non-afterburning variant.  

The other major industry force & aviation powerhouse competing head-to-head with Pratt & Whitney in the military aircraft propulsion market during the 1950s & 1960s, undoubtedly, was General Electric. GE Aviation, with its J79 & J85 turbojet engine programs, was truly was a strong market force and leader, especially, in the fighter jet propulsion market. In fact, Pratt & Whitney had the J57 as the bedrock of its engines line-up while GE had J79 as the core of its engines portfolio. 

The J79 powered the McDonnell Douglas’ F-4 Phantom II interceptor & fighter-bomber as the sole powerplant which was the backbone of the fighting capabilities of the U.S. Navy, USMC & later the U.S. Air Force from the late 1950s to the 1960s. Other key military aircraft programs powered by the J79, included, the Convair B-58 Hustler, Lockheed’s F-104 Starfighter and the North American A-5 Vigilante. 

GE’s J85 engine, derived from the J79 as its smaller sibling, powered the U.S. Navy’s F-5 Tiger fighter jet platform developed by Northrop Corporation (which entered service in the early 1960s) along with the T-38 Talon trainer aircraft which entered service with the USAF in the early 1960s and is still very much out there even almost 6+ decades later now awaiting Boeing’s T-7A Red Hawk to get fully airborne.  

It would be important to note here that Pratt & Whitney’s stronghold clearly was large military aircrafts which needed multiple engines to power them while GE’s forte was fighter jets needing a pair of turbofans at the most. The B-52H, for instance, had 8 TF33-P-3/103 turbofan engines powering it with each engine producing 17,000 lbf of thrust output. On the contrary, GE mostly powered fighter jets during this era which had a maximum of two engines powering them. This is what created the disparity in the cumulative number of engines produced by Pratt & Whitney and GE during this phase with Pratt & Whitney having produced 22,000+ J57 engines while GE produced around 17,000+ J79 engines. 
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