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ABSTRACT

This report serves to inform about, which role super-
sonic projects will play in the future of aviation.
Therefore, two recent projects, which shall bring back
the former euphoria for supersonic transportation get
shown.

But first of all the Concorde, which was the only
commercial used civil supersonic aircraft gets ana-
lyzed to work out, why supersonic transportation got
forgotten.

Having a look in the past to see, what problems the
Concorde faced, makes it possible to evaluate if the
projects for the future are doing better.

1 The Concorde

The Concorde was mainly used to make traveling be-
tween London and New York, as well as between Paris
and New York faster. Powered by four turbojet en-
gines, produced by Rolls-Royce/SNECMA the Con-
corde makes use of a delta-wing design. This design
allows to fly at a high angle of attack, which makes
the airplane very agile and better in terms of maneu-
verability than many military airplanes. [1} 2]

1.1 High technology

The aircraft is popular for its pioneering technology,
which is common now, but at the time represented a
world first. This includes a computer controlled air
intake system, for instance. It is needed because the
air would be too fast for the engines to intake, when
the airplane is at supersonic speeds. To avoid major
damage on the engines the Concorde is able to change
the geometric of the air inlet to slow down the air
stream. Because of putting air flaps into a certain con-
figuration to form a nozzle, a supersonic shock wave
gets produced which slows down the air. In addi-
tion, besides the Concorde, only a few airplanes were
controlled by the fly-by-wire technology at this time,
what means that the commands by the pilot go to a
computer first and then to the actuators, not directly
to them. [1]]

This led to many advantages like saving a lot of
weight and making the plane safer. [3]]

If the airplane was such a milestone in aircraft engi-
neering, it makes sense to search somewhere else for
the reason why it failed.

1.2 Different problems

In many people’s opinion the retirement was caused
by the fatal accident in 2000, but in fact the airlines
thought about stopping the use of the Concorde ear-
lier. [2]

The decisive reason was that many expensive hard-
ware updates were necessary to modernize the aircraft
and the airlines decided, that this is not worth it, be-
cause of the main problems which the Concorde had.
(L]

The Concorde has the two major problems of being a
very noisy aircraft with a high fuel consumption. Es-
pecially in comparison to the Boeing 747, the disad-
vantages get clear. With the same fuel consumption
the Concorde was only able to carry 100 passengers
whereas the Boeing has 440 seats. [4, 2]

In table [T} you can see that the Concorde has a range
of around 3500 nautical miles, while the Boeing 747
had a range of 5600 nautical miles [} 4]]

Regarding to the noise emissions, it can be said that
these are quite high in comparison to other aircraft.
Especially in the take-off phase, because here the
Concorde makes use of an afterburner. [, [1]]

The Concorde with a maximum take-off weight
(MTOW) of 185 tons is approximately 350 EPNdB
loud, whereas a Boeing 747 with a MTOW of around
500 tons just emits a noise of 290 EPNdb. [3]]

2 Presentation of two on-going projects

After this brief presentation of the Concorde, two on-
going supersonic projects, that will be develop in the
near future (five to ten years), will be analysed. Know-
ing the reason why the Concorde failed to thrive is go-
ing to be useful to understand how these new projects
intend to deal with the Concorde’s problems.

One of the first projects is called Boom (Fig. [I).
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Fig. 1 Image of Boom, Overture, extracted from Boom Website

lo]

Boom is a Northern American company developing
the next supersonic commercial airplane, planned to
fly at a top speed of Mach 2.2, faster than any possi-
ble competitor (table [T)), and promising ticket prices
comparable to a seat in business class. It can change
the transportation the way we know it. Boom is devel-
oping their first flight prototype, a 1/3 scale 2-seat Jet
engine named XB-1, with first flights taking place in
2020. Their first passenger supersonic plane, named
Overture (Figl[I) is planned to arrive in the mid-20s,
after enduring some thorough examination and certi-
fication, all optimized through their XB-1 test model.

The other on-going project we chose to discuss, is
called Spike (Fig. [2). This plane is developed to be a
business jet able to carry about twenty passengers at
Mach 1.6. It is powered with two engines. Its design,
as seen in figure 2] has been studied to minimize the
drag.

Fig. 2 Image of Spike S-512 extracted from Spike Website [7]]

2.1 Boom

2.1.1 Materials

The main difference between the Concorde and Boom
is the technology: from computation power, aerody-
namics, new materials, engine improvements. Boom’s
SST will be mainly built from a material which Con-
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cord engineers could only make smaller parts: car-
bon fiber, the main material used in the fuselage and
wings and some others structural parts. This material
allows a reduced weight which is a big factor to take
in consideration when developing a plane for super-
sonic flights. It will have Delta wings (as Spike will)
due to their better characteristics at supersonic speed
and a smaller size, which was one of the Concorde’s
disadvantages for its high noise or fuel consumption.

2.1.2 Engines

The prototype XB-1 will need afterburners to achieve
mach 2.2. However, due to engine improvements in
the last few years, Boom will not have the need to
use afterburners for Overture, one of the main cause
of noise pollution and a setback towards approval to
fly overland and get to a country further from the sea,
which was one of the Concorde’s problems and lim-
ited it to transatlantic flights. It will have 3x non-after-
burning engines, a medium-bypass turbofan and pro-
prietary variable geometry intake and exhaust making
it more silent, and with a fuel per seat comparable to
subsonic high range planes. As seen in table [l Boom
is a optimized aircraft for the amount of passengers it
can hold, it has the smaller aspect ratio of the three
models analysed which contributes to a reduced sonic
boom. However, it is longer than Spike in order to
carry more payloads.

Furthermore, Boom is developing a sustainable
supersonic commercial traveling, taking in consider-
ation the UN’s existing goal of carbon-neutral growth
in aviation by conducting several alternative-fuel
tests, and they plan to achieve environmentally and
socially sustainable travel.

2.2 Spike

2.2.1 Noise
As seen earlier, one of the problem of supersonic flight
was the noise, the Concorde was not allowed to fly
at supersonic speed above land. That is why, one of
the purpose of this project is to reduce the noise in
order to fly overland and be able to reach more in-
lands destinations. Thanks to its design, Spike S-512
(Fig. |2)) will be able to have a quiet supersonic noise
at his cruising speed of Mach 1.6. This speed is lower
than the Concorde in order to improve the L/D ratio of
the plane. When the speed is higher than Mach 1, as
the mach number increases, the (L/D),,,, decreases
(8]

In order to be quieter, supersonic planes need to
have an optimized aerodynamic fuselage, from the
front to the back. Comparing the length of planes and
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the numbers of passengers for each aircraft in Table
[} one of the conclusion is that length needs to in-
crease in order to reduce the sonic boom. However,
it won’t be possible to fit as many passengers as sub-
sonic planes can. One cannot imagine a long aircraft
as it will require to redesign all airports so that the
plane may fit at its gate or turn while taxing. That
may be one of the reason, Boom is only able to carry
50 passengers.

2.2.2 Size

Moreover, due to the high speed required, lots of
characteristics have to be taken into account for
high-speed or high-lift aerodynamics. With the two
projects developed in this paper, as seen in table [I]
the size of supersonic planes (in term of passengers)
decreases. As the most effective surface (flat plate)
to get the best L/D ratio has the least effective pay-
load capacity [8], that means supersonic planes will
be much smaller than subsonic aircraft.

As one know the high fuel consumption of the
Concorde, the future of the two on-going projects can
be doubtful. Their L/D ratio is lower than the Con-
corde which will certainly lead to a high fuel con-
sumption as well.

3 Tables

This table sums up the different characteristics of the
different planes cited in the document. As the purpose
is to present the different projects, it seems relevant to
compare these data with the past supersonic plane :
the Concorde.

Some of the following data are likely to change as the
two projects are still being developed.

Table 1 Supersonic planes characteristics [S]]

Concorde Boom Spike 2
Nb of passengers 100 45-55  12-18

Cruise Mach 2 2.2 1.6

Length (m) 61.66 51 37
Wing area (m?) 358 218 164
Wingspan (m) 25.6 18 17.7
Range (NM) 3500 4500 6200
Aspect Ratio 1.83 1.49 1.92
Max L/D ratio 7.14 5-6 5-6

4 Conclusion

Building a supersonic aircraft is made of concessions.
Choosing to improve the supersonic rather than sub-
sonic, the high speed aerodynamics over the high lift
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aerodynamics. In order to overcome the different dif-
ficulties brought by the Concorde, supersonic planes
have to respect some obligations; that is why planes
tend to be smaller as seen with the projects analysed.
Moreover, to reduce the fuel consumption, as seen in
Boom aircraft, it is possible thanks to latest improve-
ments in engines and these parts of the plane would
certainly keep improving in the future years.

Finally, if one wants to know if supersonic flight
would be feasible in the future, one can optimistically
say yes, because many projects will be developed in
the future and one of them would be profitable and re-
spectful of the different standard. However, the ticket
price would certainly be more expensive than a sub-
sonic aircraft.
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