REMZEERY v hI IV HiliDREHE

Systematic Survey of Jet Engine Technology for Commercial Aircraft
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H Abstract

The first successful powered flight by the Wright brothers was made on December 17, 1903, the
moment when humanity's ancient dreams came true. The dream has grown to the point where many
people around the world can travel freely and with peace of mind in just over 100 years. One significant
technology that has made this dream come true in such a short space of time is the jet engine.

There are two main distinguishing characteristics in the systematization of this technology that
explain how this was achieved so successfully. The first is the prolific exchange of information across
borders since the technology was first invented. In peacetime, the international community worked
together on technology development. In wartime, countries were desperate to analyse the strengths and
weaknesses of enemy aircraft.

The second is that people were constantly sharing the technology with each other. The basic working
principle of the jet engine is simple and has not changed since its invention. The issue is improving
its performance and ensuring its safety and reliability. This inevitably requires the sharing of tacit
knowledge. In other words, even with superior design and manufacturing technology, it is not possible
to get type approval for a commercial aircraft engine without accurately communicating a vast amount
of experience. This report focuses on these two points.

From 1903, many inventors around the world started designing their own aircraft and competing
over performance. To begin with, the competition was to see how quickly one could reach a target
destination while competitors travelled by motorcar. Once that was achieved, the next step was safe
long-distance flight. This was achieved in 1927 with a successful crossing of the Atlantic. However, the
aviation industry at that time was unprofitable and was centered on postal transportation and scenic
flights.

The situation changed completely in World War Il, and the aircraft production capacity of the
countries concerned improved at once. The number of manufacturing machines in each country far
exceeds that of modern times, and in the meantime, performance improvements and upsizing have
been made dramatically. However, the engine was a reciprocating engine, and the jet engine, with some
exceptions, had not yet reached a practical level.

Ongoing tensions between the great powers after the war prompted dramatic growth in jet engine
technology. A large portion of military budgets were invested into research and development in this
field, although the resulting technology was put to use in civilian aircraft. This meant that the new
developments had a number of peculiarities. This report devotes a chapter to this topic.

Jet engines increased in size and reliability to the point where they could be used to cross oceans.
The demand for international travel grew, and airline companies flooded the market. The dominant
airlines became the so-called flag carriers, representing their respective nations. The primary focus of
engine development was increasing size to meet their demands. Around this time, many international
agreements were signed to ensure security, while rules on the maximum permissible limits of noise and
emissions were constantly being revised to resolve environmental issues. As a result, enhancements
in jet engine technology have continued to the present day. This report discusses the advances in
jet engine technology decade by decade from the first generation to the seventh generation of the
technology. In addition, the systematization of each technical area of design and manufacturing is
summarized for each specialized technical field.

This report also notes the technology transfer with the similar field of industrial gas turbines.

This report concludes with a discussion on the expectations for the “Hinomaru” (Japanese flag)
engine that was put on hold for seven years after the war and what is necessary to realize it. One
remaining issue is the trends that will emerge in the era of decarbonisation.
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Assembly of Third Model of Experimental Engine
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kinds of journey our ancestors never even imagined. His
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and work are an object lesson on the creativity and
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(1) Front axial rotor: {2) dlagenal rotor; (3. 4, 5) third, fourth, 6fth rotors: {6) air-intake hoad; {7) main shatt: (8 8, 1)
guide gride; (11} tripte grid; (12} pump drive sbufy; £13) fouting rod; (14) frent muis bearvieg, £18) conncction for f2ei pipe;
{18} arrow-shaved rting (nozale ringi: €17, 183 nir Hows betwees compressor and turbine; {19} housing wall: (20 circular clum-
ber; (21} gaide grip i fropt of tirhine wheel: {32) sircular chamber; (23} aanuiny coolafr gap; (243 nfection nozgles; {(23) cool
air pussage to guide gride: (26) fastening Hunge: (27) connection for lubricant pipe: (28) guide grids betwaen turbine rotors; {29,
30} turdine roters: {31) ecol-nir Wojes: (32} cwolair holes; (33) reur main bearing; (84) thrust-nozzle homwiug: (253 cvsi-air con
nectlon; (383 ventilation tube: (37} presaure-measvrement place; (381 (not shows—uot ideatified) ; (40} thrust-nosale sleeve: (41)
piston rod; {42} pressure cylinder; (43) pistonm: {44} pistoa-rod bearing ; (45} mixers; (48] scsops: {47, 438} {aot sBown-wnot ilen-
HBed} | (48} lubriemnl pump set: (50) ftront compresser housing; (31) vertieal shaft; (82, 93} bevel gears: (34} drive connection
for turbine’s extenslon ghaft; ¢35) starter
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2800 | 1.766 | 1.520 | 276.0 | 439.5 | 494.0
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