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Abstract

The design of a supersonic aircraft is directly connected with the signature pressure that results in a specific
sonic boom noise. The focus of this work is to evaluate and compare the sonic boom of three different super-
sonic aircraft concepts through a numerical approach. A dedicated computational procedure was developed.
First, aerodynamic near-field simulations are performed using the open-source solver SU2. The pressure sig-
nature at different locations on the vertical plane is evaluated, a focus at different positions around the aircraft
is also carried out. A detailed comparison between the three different concepts was conducted in term of noise
performances.
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1. Introduction
Over the past two decades, there has been a renewed focus on developing a new generation of super-
sonic aircraft for civil use[1]. Research indicates that there is likely a viable market for such aircraft
under certain economic conditions. Although numerous concepts are in development worldwide,
none have yet entered operation, primarily due to environmental concerns such as noise pollution
and higher emissions[2]. A major challenge in supersonic aircraft development is reducing the noise
generated by the shock waves, commonly known as the sonic boom[3].
Currently, most countries prohibit supersonic flights over land due to the disturbance caused by sonic
booms. However, the ability to fly at supersonic speeds over land is considered essential for the
economic viability of these aircraft. Various technologies and techniques have been developed to
better predict and mitigate sonic boom impacts, aiming to meet future regulatory limits[4]. Achieving
these limits is particularly challenging for large aircraft due to their size and lift requirements. With
the growing interest in sustainable supersonic aircraft, there is a surge in research on innovative
designs that could meet future sustainability standards. Establishing an acceptable level of sonic
boom annoyance is a crucial task for regulatory bodies to ensure that these aircraft can operate at
supersonic speeds in the future[5].
Since 2014, NASA has supported the AIAA Sonic Boom Prediction Workshop[6][7][8], which aims to
establish numerical methodologies for predicting sonic booms. The cross-validated methodologies
and results from the workshop participants represent the current state-of-the-art in predicting sonic
booms in the near-field region of an aircraft. The published methodologies and case studies from the
workshop form the basis for the studies presented in this paper.
The simulation of sonic boom propagation is typically divided into two regions: the near-field do-
main and the far-field domain. The near-field domain encompasses the area close to the aircraft
where shock formation occurs, characterized by strong non-linear phenomena such as shock-shock
interactions, shock bending, and cross flow. This region is generally analyzed using Computational
Fluid Dynamics (CFD) with various numerical techniques[9][10]. Consequently, the accuracy of sonic
boom predictions is highly dependent on the precision of near-field simulations and signatures.
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Operating conditions Value
Mach number 2.0
Angle of attack [deg] 0
Altitude [m] 15760
Pressure [Pa] 10684.3
Temperature [K] 216.6

Table 1 – Simulation parameters

The numerical approach proposed in literature allows for the characterization of novel aircraft designs[11],
like a Mach 5 waverider configuration[12]. The computed near-field pressure fields from this work
facilitate far-field shock wave propagation computations for on-ground signature analyses and annoy-
ance assessments of the sonic boom.
This paper further validate NASA’s proposed hybrid numerical approach for the evaluation of sonic
boom phenomenon of supersonic aircraft in terms of pressure signature computed in near-field for
different aeroshapes, by using Computational Fluid Dynamics (CFD). The open source flow solver
SU2 Multiphysics Simulation and Design Software[13] is considered for the flowfield simulations,
using the numerical scheme HLLC[14] on hybrid computational mesh grid. Several numerical inves-
tigations are dedicated to evaluate the pressure signature of three different aeroshape concepts, to
furthermore compare the noise performance of each aircraft.
The activities described in this paper are part of the H2020 MORE&LESS project (MDO and Reg-
ulations for Low Boom and Environmentally Sustainable Supersonic Aviation)[15]. This project, in
response to the EC call “Towards global environmental regulation of supersonic aviation” (LC-MG-1-
15-2020), aims to support Europe in shaping global environmental regulations for future supersonic
aviation. Recommendations are based on the outcomes of extensive high-fidelity modeling activities
and test campaigns, which are integrated into a multi-disciplinary optimization framework to assess
the holistic impact of supersonic aviation on the environment.
The first part of this work focuses on the aerodynamic near-field domain, in particular the prediction
of the pressure signature for three supersonic aircraft, identified with the names CS1a, CS2 and
CS3, developed in the framework of the MORE&LESS project. A detailed overview of the geometries
is given in sections 2.1, 2.2and 2.3respectively. In the following section 3., an extensive comparison
between the three aircraft is carried out, in term of geometries and sonic boom generation.

2. Geometries and Near Field Modelling
Open source code SU2[13] was chosen as computational tool to evaluate the aerodynamic near-field
solutions. This solver uses an unstructured finite-volume approach to solve the Reynolds-Averaged
Navier-Stokes (RANS) equations. The gradients are computed using a Green–Gauss approach. The
CFL value was fixed to a unitary value in the convergence strategy. Simulations are executed solving
inviscid Euler equations with ideal gas model for air phase, therefore no effect of physical viscosity
was considered. Across several numerical schemes available, the HLLC[14] is selected, following
the results of previous published works[9][10].
The computational mesh production follows the guideline highlighted in the above mentioned refer-
ence works. As exposed in Figure 1, the computational domain is decomposed in two zones: an
inner part near the aircraft constructed with an unstructured approach, while the outer part far from
the aircraft used a structured approach. In addition, the outer part is inclined following the angle of
the Mach cone related to the particular operating condition.
The three aircraft of this work were investigated under the same operating conditions, reported in
table 1. Using the same parameters was necessary to have a better comparison of noise perfor-
mances.
The pressure signature in the aeroacoustic problems is typically evaluated using the formulation:

d p/p =
ps − p0

p0
(1)
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Figure 1 – CS1a computational hybrid mesh, particular of unstructured and structured zone.

In equation 1, the variable p0 is the free-stream static pressure, while ps is the pressure variations
extracted at a specific H/L location, where H is the vertical distance from the aircraft, and L is the
length of the vehicle.

2.1 CS1a geometry
The first aircraft investigated is labeled CS1a, visible in Figure 2. This design of the aircraft was
developed in the framework of the European project MORE&LESS.
This aircraft concept was derived from the Concorde aircraft, with the objective to improve its envi-
ronmental impact. The main differences between the CS1a and the Concorde geometries are the
dimension of the wings, without curvature, and engine nacelles shape. The body length is 62m and
the wing area is 166.3m2.

Figure 2 – CS1a geometry (blue), comparison with the Concorde aircraft (red).

The size of the computational mesh produced to solve the aerodynamic near-field was approximately
26.5 million elements.
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Figure 3 shows the pressure signature extracted along an horizontal plane at distance from the
aircraft (H

L ) = 3. In this picture, the black vertical lines highlight the positions of the nose and the end
of the aircraft, the blue vertical lines highlight the positions of the leading edge and the trailing edge
of the wing.
Three overpressure peaks are visible, the first two are due to the compression of the fluid at the nose
and the leading edge of the wing, while the last one is due to the expansion of the fluid, it is caused
by the end of the wing.
Figure 4 shows the pressure signature at distances (H

L ) = 1 (left image) and (H
L ) = 5 (right image).

Similar behaviour of pressure signature for (H
L ) = 3 is visible, the intensity of pressure peaks reflects

the different distance from the body between each extraction position.

Figure 3 – CS1a pressure signature, distance from aircraft (H
L )3.

Figure 4 – CS1a pressure signature, distance (H
L )1 (left) and (H

L )5 (rigth).

Contours of Mach number and pressure field in terms of pressure variation d p
p are shown in Figure

5. Shock waves are well highlighted, consistently with the pressure signature results shown in the
previous figures.
An investigation of the pressure signature variations around the aircraft was also carried out, as
visible in Figure 6, where the radial angle φ represents the position φ = 0◦ under the aircraft, up to
φ = 180◦ above the aircraft. In the left part of Figure 6 the scheme of radial positions is reported,
in the middle picture the pressure signatures for different radial position is reported, it is possible
to highlight difference in pressure variation due to the complicated geometry analysed, with wing,
engine nacelles, tail. In the right picture of Figure 6 we reported the highest value of pressure in
decibels for each radial position, computed at the three reference distances from the aircraft. As
already shown, there is no symmetry in noise values around the aircraft according to the geometry
of the vehicle, it is possible also evaluate the reduction in noise values moving away from the CS1a,
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Figure 5 – CS1a contour of Mach number (left) and d p
p (right).

as expected from noise propagation theory.

Figure 6 – CS1a noise: radial scheme (left), pressure signatures (center) and dB - highest peak
(right).

2.2 CS2 geometry
The second aircraft investigated is labelled CS2, geometry is reported in Figure 7. This is the second
vehicle developed in the framework of the European project MORE&LESS. The body length is 24.53m
and the wing area is 40.77m2. The aircraft was developed by Reaction Engine, partner of the project,
with the aim to produce a Hypersonic Test Bed to evaluate different engine concepts. In out work, we
considered the aircraft without additional engines.
The size of the computational mesh produced to solve the aerodynamic near-field was approximately
11.6 million elements.
The flowfield simulation was at same operating condition of CS1a geometry, therefore similar analysis
were carried out. Figure 8 shows the pressure signature computed under the aircraft at distance from
the vehicle (H

L ) = 3. As for the CS1a, in the figure are highlighted the begin and end of the aircraft
with two vertical black lines, and the leading and trailing edge of the main wing. Three expansion
peaks and two compression peaks are visible. The first peak is related to the nose and the canard
wing, while the second peak is due to the leading edge of the main wing of the airplane. The last
peak is correlated to the end of the aircraft and the stability of the fluid that return in the freestream
conditions. Figure 9 shows the pressure signature at distance (H

L ) = 1 and (H
L ) = 5, no difference

behaviour compared to the position (H
L ) = 3, the intensities of the peaks are different due to the

different distances from the body of each extraction position.
Contours of Mach number and d p

p are shown in Figure 10, the Mach waves and the expansion and
compression zone are well defined, as expected from the pressure signature curves. The results of
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Figure 7 – CS2 geometry.

Figure 8 – CS2 pressure signature, distance from the aircraft (H
L )3.

Figure 9 – CS2 pressure signature, distance (H
L )1 (left) and (H

L )5 (rigth).

CS2 geometry are very similar to CS1a outcomes, since the two geometries have similar geometric
characteristics, like main wing, additional aerodynamic surfaces, a defined fuselage.
The variation of pressure signature values around the aircraft is carried out using the same approach
of CS1a case. In Figure 11 from the angle φ = 0◦ that is the position under the aircraft, to the angle
φ = 180◦ that is the position above the vehicle, pressure signature at distance (H

L ) = 3 were extracted
and reported. In the zone under the CS2 geometry we found the greatest values of sonic boom, while
in the other positions it is possible to notice the presence of aerodynamic interference that reduce
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Figure 10 – CS2 contour Mach number (left) and contour d p
p (right)

and modify the pressure variations. In the right part of Figure 11 is shown the highest value of noise
in decibels, for each radial positions analysed, and for the three reference distances considered. As
for CS1a, there is no symmetry noise distribution around the aircraft, and the propagation of the sonic
boom moving far from the vehicle shown a reduction of values as expected.

Figure 11 – CS2 noise: radial scheme (left), pressure signatures (center) and dB - highest peak
(right).

2.3 CS3 geometry
The third aircraft investigated is labeled CS3, visible in Figure 12. This aircraft was derived from a
Mach 8 vehicle developed in the STRATOFLY project[16], adapted to accomplish the performances
requested in the MORE&LESS project. The body length is 75m and the wing area is 1000m2.
The size of the computational mesh produced to solve the aerodynamic near-field was approximately
13 million elements.
Also in this case, the operating condition are the same of previous geometries. Figure 13 shows the
pressure signature evaluated for the CS3 on a horizontal plane at distance (H

L ) = 3 from the aircraft.
Due to the particular design of the CS3 vehicle, it could be considered a full wing aircraft, in the picture
we reported two black lines only that represents the begin and the end of the geometry. As a design
consequence, the pressure signature of CS3 has the shape of classical N-wave. Some small peaks
are visible near to the highest and lowest values of pressure variation, related to the canard wing in
the front zone and the end of the vehicle in the rear part. Figure 14 shows the pressure signature at
distance (H

L ) = 1 and (H
L ) = 5. In the proximity of the aircraft, distance (H

L ) = 1, the N-shape in visible
but some difference is present due to the flow field that is not completely developed. At relevant
distance from CS3, position of extraction (H

L ) = 5, the dissipation of the shock waves tends to merge
the small peaks in a single better defined N-wave.
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Figure 12 – CS3 geometry.

Figure 13 – CS3 pressure signature, distance from the aircraft (H
L )3.

Figure 14 – CS3 pressure signature, distance (H
L )1 (left) and (H

L )5 (rigth).

The presence of single shock is highlighted in the contours of Mach number and d p
p of Figure 15. A
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strong and well-defined zone is visible, without several small shock waves as previous cases.

Figure 15 – CS3 contours Mach number (left) and contours d p
p (right).

The review of pressure signature variation in the radial positions around the CS3 geometry is reported
in Figure 16. As for the previous considerations, the pressure signature under the vehicle for radial
angle φ = 0◦ shows the maximum values compared to other positions, with effects of wing presence
visible moving from under to upper part where φ = 180◦. In the right picture of Figure 16 is shown
the highest value of noise in decibels, for each radial positions analysed, and for the three reference
distances considered. As for other cases, there is no symmetry noise distribution around the aircraft,
and the propagation of the sonic boom moving far from the vehicle shown a reduction of values as
expected.

Figure 16 – CS3 noise: radial scheme (left), pressure signatures (center) and dB - highest peak
(right).

3. Results of comparisons
In this paragraph, the work focuses on a comparison between the three aircraft concepts illustrated
in the previous section.
A first geometrical comparison is carried out, the three geometries are superimposed in Figure 17,
where black lines identify CS1a, red lines are for CS2, and purple lines draw the CS3 vehicle. The
Figure 17 quickly shows the huge dimensions difference between the three geometries. A summary
of the geometrical characteristics of the considered aircraft in reported in table 2. The CS1a has a
traditional aircraft design, while the CS3 is a hypersonic concept aircraft with a wing-body and canard
wing, the CS2 presents a hybrid shape between the classical aircraft and a more innovative design
for supersonic flight. In addition, the CS2 is the shortest aircraft compared to CS1a and CS3, that
have similar length.
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Dimensions CS1a CS2 CS3
Body Length [m] 62 24.56 75
Body Height [m] 10 3.81 19.3
Wing Span [m] 26 8.67 40.5

Sre f [m2] 166.3 40.77 1000

Table 2 – Aircraft dimensions comparison.

Figure 17

In the Figures from 18 to 20, the comparison between the pressure signature of each aircraft at refer-
ence distances (H

L )1, (H
L )3 and (H

L )5 was carried out. In order to better compare pressure variations,
the x-axis of those figures is a non-dimensional length, calculated dividing the dimensional length of
the pressure results shown in the previous section, for the body length of each aircraft. This approach
leads to similar pressure signature lengths, and highlight the differences of each aircraft design.
CS1a and CS2 have a very similar pressure signatures, with a first pressure peak due to the shock
waves near the nose of the aircraft, and a N-shape wave in the zone of the wings. The CS3 shows a
bigger and longer signature compared to the other two vehicles, with several pressure peaks visible
only in the zone close to the aircraft (distance H

L = 1). Equivalent behaviour is visible in the right
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pictures of Figures 18, 19 and 20, where the highest pressure values for each radial angle around
the aircraft were reported in decibels. At each reference distance from the aircraft, CS1a and CS2
concepts have very close noise distribution, while the CS3 produces a noise field that is around 10dB
greater than other two vehicles.

Figure 18 – Comparison of pressure signature at distance (H
L )1 (left), noise distribution in decibel

around the aircraft (right).

Figure 19 – Comparison of pressure signature at distance (H
L )3 (left), noise distribution in decibel

around the aircraft (right).

Figure 20 – Comparison of pressure signature at distance (H
L )5 (left), noise distribution in decibel

around the aircraft (right).
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Those results highlight that the engineering design of the CS1a can be considered the best of the
three aircraft in terms of noise performances, due to the noise field smaller than CS3 result and
similar to the CS2 result, despite the huge difference in body length. This outcome was carried out
at non-dimensional distance H

L . From the point of view of noise annoyance, we compared the sonic
boom generated by each aircraft at the same physical distance, that can be identified as the solution
at (H

L )1 for CS1a and CS3, and at (H
L )3 for CS2. The comparison is shown in Figure 21. At the

same dimensional distance, the CS3 aircraft continue to produce the greatest values of noise, while
the CS2 generates the lowest and shortest pressure signature. The CS1a results are in average
position, in terms of pressure values and extension of signature. The values of the peaks pressure
in decibels can be seen on the right part of Figure 21, where it is possible to highlight a difference
of around 5dB between CS2 and CS1a, 10dB between CS1a and CS3. The CS2 makes the lowest
sonic boom field, but the difference with the CS1a result is small, although the big difference in body
length between them.

Figure 21 – Comparison of pressure signature at same dimensional distance (left), noise distribution
in decibel around the aircraft (right).

Even if all the presented analyses were executed in the near field domain, an interesting effect of the
sonic boom propagation is noticeable. Pressure signature of CS3 aircraft is plotted in Figure 22 for the
three distances considered from the vehicle. Moving away from the body, the peaks of the pressure
signature reduce and the curve stretches, as expected from the noise propagation physics.This effect
is visible also for CS1a and CS2 geometries, comparing their pressure signatures of Figures 18, 19
and 20, but is more evident for CS3 aircraft. In addition, for the CS3 geometry, moving far from the
aircraft, the pressure signature becomes a classic N-wave in near field domain, the peaks in the front
zone merge into one peak, the same happen in the rear zone.

Figure 22 – Sonic boom propagation in near-field domain for CS3 aircraft.

The propagation of sonic boom in near field domain can be evaluated also in terms of maximum
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values of pressure signature in decibels. For each case, Figures 23, 24 and 25 show the noise
reduction moving away from the vehicles, computed in the plane under the aircraft that corresponds
to angle φ = 0◦, and in the radial planes related to angles φ = 30◦ and φ = 60◦. In the position under
the aircraft, the reduction of sonic boom noise is around 7dB between the distance (H

L )1 and (H
L )3,

and around 3dB between the distance (H
L )3 and (H

L )5. In the other planes, the reduction is the same
of position φ = 0◦, but starting from lower values.

Figure 23 – CS1a, sonic boom propagation under the aircraft φ = 0◦ (left), and for different radial
positions (right).

Figure 24 – CS2, sonic boom propagation under the aircraft φ = 0◦ (left), and for different radial
positions (right).
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Figure 25 – CS3, sonic boom propagation under the aircraft φ = 0◦ (left), and for different radial
positions (right).

4. Conclusions
Three aircraft concepts for supersonic flight were analysed in term of sonic boom generation in the
near field zone.
The CS1a aircraft has a traditional aircraft shape, it was directly derived from the Concorde aircraft
design. The CS2 concept is designed as a supersonic test bench for engines. The CS3 is a hyper-
sonic concept aircraft with a wing-body and canard wing. For each test case, a computational mesh
grid was produced, follow the literature best practices and previous experience, and the aerodynamic
flowfield was simulated with the use of open-source solver SU2.
The pressure signature at different distances from the aircraft was evaluated, with particular focus
on estimate the noise peak values around the geometry, in order to highlight the effects of wing and
other aerodynamic surfaces.
An extensive comparison of noise performance was carried out. The similar shape of CS1a and
CS2 aircraft leads to similar noise fields, while the CS3 produces the loudest sonic boom signature.
The design of CS3 generates a pressure signature with a classical N-shape, due to the wing-body
geometry. In the pressure field of CS1a and CS2 it is possible to notice the effect of shock waves
generated by the nose of the vehicle with pressure values comparable to the shock waves generated
by the wings. In absolute values, when compared at similar distance from the aircraft, the CS3
produces the highest noise levels, due to its shape and biggest dimensions when compared with the
other geometries, while the CS2 has the lowest levels of noise, related to smallest body length. A final
outcome is that the design of the CS1a is the best in terms of noise performances, with the lowest
sonic boom generated compared to the results of CS2, that is noticeable smaller but produces similar
levels of pressure variations, and to the results of CS3, that is dimensionally similar but produces a
greater shock wave.
Analysing the pressure variation at different distance from the aircraft, the propagation of noise sig-
nature highlights the coalescence of pressure peaks in even more defined N-wave, while their values
were reduced, as expected from the physics of the problem and confirming the soundness of the
numerical approach adopted.
In conclusion, the numerical procedure applied to sonic boom evaluation of aircraft concepts shows
good results to evaluate the noise performances of supersonic vehicle, in addition is able to estimate
the effects of propagation of noise moving far from the generation zone.
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