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Description

[0001] The invention relates to a system for the reduc-
tion of sound travelling in a wave-guide located in the air
above the ground in accordance with the preamble of the
main claim.

[0002] Such a system is known from US-A-4 244 4309.
Also US2004/0058095 describes a system in accord-
ance with the preamble of the main claim.

[0003] Under specific circumstances noise, for exam-
ple aircraft noise during the first part of take-off when the
aircraft is gaining speed at a runway, can be very dis-
turbing at a great distance from the source of the noise.
This especially applies forsound frequencies in the range
from 15 Hz to 40 Hz. In the above example of aircraft
noise an increase of low frequency noise above all occurs
when the aircraft still has contact with the runway, and
runs its engines at high power, whereas further the wind
conditions are such that the wind is blowing substantially
towards an area of interest (the area suffering from the
disturbing noise) with the right (vertical) wind gradient.
Other factors which may be of influence are, among oth-
ers, the (vertical) temperature gradient and/or a combi-
nation of wind and temperature gradients.

[0004] Under such conditions a situation may be cre-
ated in which noise emanating from the source of noise
in a specific range of angles will propagate above the
ground in a so-called wave-guide between the ground
surface and a virtual upper limit. Sound waves will suc-
cessively reflect downwards at the upper limit due to the
(vertical) gradient(the effective speed of sound increases
with altitude) in the sound speed caused by the summa-
tion of the effects of wind gradient and temperature gra-
dient, and upon reaching the ground surface will reflect
upwards again, and so on. Basically the reflection at the
ground surface is a result of an acoustic impedance
boundary present at the ground.

[0005] The above wave-guide effect especially occurs
in a range of sound frequencies from about 15 Hz to
about 40 Hz. The sound propagating through this wave-
guide is less attenuated during propagation in compari-
son to the attenuation that occurs with spherical propa-
gation of sound.

[0006] Other state of the art attempts to reduce dis-
turbing noise substantially comprise structures such as
shields, hills, trees and vegetation located between the
source of noise and the area of interest. When applied
for reducing noise from aircraft at an airfield, such known
structures are not compatible with safety requirements
calling forfree, unobstructed areas alongside the runway.
Moreover such structures only are effective in reducing
high frequency noise, whereas noise in the above range
of 15 Hz to 40 Hz hardly is reduced.

[0007] Inview of the above itisan object of the present
invention to provide animproved system for the reduction
of sound travelling in a wave-guide in the air above the
ground.

[0008] In accordance with the present invention the
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system is characterized in that it especially is meant for
the reduction of aircraft sounds in the range of 15 Hz to
40 Hz during the first part of take-off, wherein the top
layer is part of an assembly comprising at least two su-
perimposed layers with different density and/or different
speed of sound and/or different thickness.

[0009] As a result the ground surface no longer acts
as an acoustically ’hard’ surface which reflects the sound
upwards. Because ofthe improved impedance match be-
tween the air and the adjoining top layer of the ground
the sound now can enter the ground where it is propa-
gated and thus absorbed by means of different mecha-
nisms. For example an excitation of the ground structure
may be caused which absorbs the sound energy; or a
coupling to pores in the ground filled with air may be
caused. For the lower frequencies mentioned above the
former mechanism is expected to be the most practical.
[0010] Because, further, the top layer is part of an as-
sembly comprising at least two superimposed layers with
different density and/or different speed of sound and/or
different thickness, the transmission of low frequency
sound through the layers in the ground below the ground
surface may be optimized in the manner of a low frequen-
cy sound filter

[0011] In a preferred embodiment of the system ac-
cording to the present invention water is excluded as
much as possible from said at least one top layer. Such
a measure is effective in improving the air to ground cou-
pling (impedance matching). When there is much water
in the ground, the ground reflection and thus the wave-
guide for ground waves is more pronounced (as can be
seen in the difference between summer and winter: in
summertime less sound energy is reflected by the acous-
tically softer ground).

[0012] A positive side-effect of providing a significant
reduction of water at the surface is a substantial reduction
of the possibility for the creation of local fog which is an
important gain for the safety and capacity of an airport.
[0013] The absorption of the sound propagating in the
ground may be enhanced further when, in accordance
with yet another embodiment of the present system, the
assembly of atleast two superimposed layers is designed
to create a mass-spring system.

[0014] Other measures resulting in such an improved
absorption are provided by systems wherein the assem-
bly of at least two superimposed layers provides a mode
coupling to secondary waves (i.e. particles moving per-
pendicularly to the direction of sound propagation) and/or
primary waves (i.e. seismic waves, longitudinal sound
propagation) and/or Rayleigh waves (i.e. rotation of par-
ticles) and/or Love waves below the ground surface.
[0015] Ina practical embodiment of the system accord-
ing to the present invention the assembly of superim-
posed layers comprises at least three superimposed lay-
ers with an alternation of two different layer types. That
means that successive horizontal layers are created in
which all odd layers are of the same type, as are the even
layers.
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[0016] Itis noted that 'of the same type’ does not nec-
essarily mean that such layers have the same dimen-
sions (especially thickness), butit merely tries to express
that such layers are constituted of the same (or equiva-
lent) materials.

[0017] For example it is possible that the assembly
comprises alternating layers of sand and polystyrene
foam. Such layers may be designed for an optimal angle
of incidence of the sound and frequency concerned, and
even for multiple sounds and multiple frequencies. De-
pending on the density and the speed of sound in the
layers the assembly can be optimized for the absorption
of the fore mentioned low frequency noise.

[0018] As a further possibility to improve the system
according to the present invention, the effective acoustic
impedance of the layer or layers in the ground is matched
for the incident sound wave properties, such as for ex-
ample frequencies, direction of sound propagation, de-
pending on the type of layer(s) in the ground.

[0019] When, in accordance with another embodiment
of the system according to the present invention each
layer below the ground is oriented in a direction perpen-
dicular to the maximum intensity of the sound, the sound
wave will contact the ground most effectively regarding
the air to ground coupling.

[0020] According to another embodiment of the
present system, below the ground further a grid structure
is provided for scattering the sound. Such a grid, for ex-
ample, may comprise bars. The bars may be optimized
by dimension and distance from each other. Also the den-
sity and speed of sound in the bars and in the surrounding
ground may be optimized with respect to the scattering
of sound.

[0021] As an example, in addition to the layered struc-
tures, cylindrical structures with air inside can be located
justbelow the ground surface. When excited by pressure
fluctuations of the low frequency sound at the right acous-
tical modes, these structures are able to absorb acous-
tical energy. This absorption can be achieved by transfer
of acoustic energy to vibration energy and heat in the
pipes which are located below the surface. The vibration
energy will be absorbed by the surrounding ground. Care
should be taken to keep water out of these pipes. The
sound absorption of the pipes can be increased by mak-
ing holes in the pipe which face the air. These holes will
actuate the modes of the pipe more efficiently by the pres-
sure changes of the sound impinging onto the pipe inthe
ground.

[0022] Inapracticalembodimentofthe system accord-
ing to the present invention, said layer(s) below the
ground are provided in a range starting at the lateral side
of the runway and extending until at least 100 meters
from the runway. The range can vary depending on the
required noise reduction in a specific situation.

[0023] The effectiveness of such a system is further
improved when said range extends until a distance of at
least 300 meters from the runway, and more preferably
when said range extends until a distance of at least 500
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meters from the runway.

[0024] It is noted that the present system for reducing
sound travelling in a so-called wave-guide may be com-
bined with known systems of absorbing sound by means
of, forexample, sound absorbing structures (e.g. shields)
or vegetation (which structures, when used in the context
of reducing aircraft noise can be positioned at a larger
distance from the runway such as not to create any safety
risk). The sound reduction achievable with the method
in accordance with the invention may be considerable
(up to 6dB and more).

[0025] Furtheritis noted thatthe systemin accordance
with the present invention also may be applied in other
situations, such as on aircraft carriers or at locations
where reduction of high intensity and/or low-frequency
noise sources is required.

[0026] The invention is not limited to the embodiments
described above which may be varied widely within the
scope of the invention as defined by the appending
claims.

Claims

1. System configured for the reduction of aircraft
sounds travelling in a wave-guide in the air above
the ground at the lateral side of arunway, comprising,
below the ground at said lateral side of the runway,
at least a top layer which extends downwardly from
an interface between said top layer and the air and
which, at said interface, has an acoustic impedance
which substantially matches the acousticimpedance
of the air, characterized in that the system is con-
figured for the reduction of aircraft sounds in the
range of 15 Hz to 40 Hz during the first part of take-
off, wherein the top layer is part of an assembly com-
prising at least two superimposed layers with differ-
ent density and/or different speed of sound and/or
different thickness.

2. System according to claim 1, wherein water is ex-
cluded as much as possible from said at least one
top layer.

3. System according to claim 1 or 2, wherein the as-
sembly of at least two superimposed layers is de-
signed to create a mass-spring system.

4. System according to claim 3, wherein the assembly
of atleast two superimposed layers provides a mode
coupling to secondary waves (i.e. particles moving
perpendicularly to the direction of sound propaga-
tion) and/or primary waves (i.e. seismic waves, lon-
gitudinal sound propagation) and/or Rayleigh waves
(i.e. rotation of particles) and/or Love waves below
the ground surface.

5. System according to any of the previous claims,
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wherein the assembly of superimposed layers com-
prises at least three superimposed layers with an
alternation of two different layer types.

System according to claim 5, wherein the assembly
comprises alternating layers of sand and polystyrene
foam.

System according to any of the previous claims,
wherein the effective acousticimpedance of the layer
or layers in the ground is matched for the incident
sound wave properties, such as for example fre-
guencies, direction of sound propagation, depending
on the type of layer(s), the dimensions of the layers
and orientation in the ground.

System according to any of the previous claims,
wherein each layer below the ground is oriented in
a direction perpendicular to the maximum intensity
of the sound.

System according to any of the previous claims,
wherein below the ground further a grid structure is
provided for scattering and/or absorbing the sound.

System according to claim 9, wherein the grid struc-
ture comprises bars.

System according to claim 9, wherein the grid struc-
ture comprises cylindrical structures, e.g. pipes,
filled with air.

Systemaccording to claim 11, wherein the cylindrical
structures have holes facing the air.

System according to any of the previous claims,
wherein said layer(s) below the ground are provided
in a range starting at the lateral side of the runway
and extending until at least 100 meters from the run-
way.

System according to claim 13, wherein said range
extends until a distance of at least 300 meters from
the runway.

System according to claim 14, wherein said range
extends until a distance of at least 500 meters from
the runway.

Patentanspriiche

System, das eingerichtet ist zur Verringerung von
Luftfahrzeuggerauschen, welche in einer Wellenfiih-
rung in der Luft iber dem Boden an der Lateralseite
einer Piste laufen, aufweisend unterhalb des Bodens
an den Lateralseiten der Piste wenigstens eine obe-
re Schicht, welche sich von einer Schnittstelle zwi-
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schen der oberen Schicht und der Luft nach unten
erstreckt und welche an der Schnittstelle eine akus-
tische Impedanz aufweist, die im Wesentlichen mit
der akustischen Impedanz der Luft Gbereinstimmt,
gekennzeichnet dadurch, dass das System ein-
gerichtet ist zur Verringerung von Luftfahrzeugge-
rauschen in dem Bereich von 15 Hz bis 40 Hz beim
ersten Teil eines Starts, wobei die obere Schicht Teil
einer Anordnung ist, welche wenigstens zwei lUiber-
einanderliegende Schichten mit unterschiedlicher
Dichte und/oder unterschiedlicher Schallgeschwin-
digkeit und/oder unterschiedlicher Dicke aufweist.

System gemaR Anspruch 1, wobei Wasser aus der
wenigstens einen oberen Schicht um so viel wie
maglich entfernt ist.

System gemal Anspruch 1 oder 2, wobei die Anord-
nung von wenigstens zwei Ubereinanderliegenden
Schichten dazu ausgestaltet ist, ein Masse-Feder-
System zu erzeugen.

System gemaR Anspruch 3, wobei die Anordnung
von wenigstens zwei Ubereinanderliegenden
Schichten eine Mode breitstellt, welche mit Sekun-
darwellen (d.h. Teilchen, welche sich senkrecht zur
Richtung einer Schallausbreitung bewegen)
und/oder Primarwellen (d.h. seismische Wellen, lon-
gitudinale Schallausbreitung) und/oder Rayleigh-
Wellen (d.h. Teilchenrotation) und/oder Love-Wel-
len unterhalb der Bodenflache koppelt.

System gemal irgendeinem der vorhergehenden
Anspriiche, wobeidie Anordnung von Gibereinander-
liegenden Schichten wenigstens drei Uibereinander-
liegende Schichten mit einer Abwechslung von zwei
unterschiedlichen Schichttypen aufweist.

System gemaR Anspruch 5, wobei die Anordnung
alternierende Schichten aus Sand und Polystyrol-
schaum aufweist.

System gemal irgendeinem der vorhergehenden
Anspriiche, wobeidie effektive akustische Impedanz
der Schicht oder Schichten im Boden abgestimmt ist
auf die Eintreffende-Schallwelle-Eigenschaften, wie
beispielsweise Frequenzen, Schallausbreitungs-
richtung, abhangig von dem Typ von Schicht(en),
den Dimensionen der Schichten und Ausrichtung im
Boden.

System gemal irgendeinem der vorhergehenden
Anspriiche, wobei jede Schicht unterhalb des Bo-
dens in einer Richtung, welche senkrecht zur maxi-
malen Intensitat des Schalls ist, ausgerichtet ist.

System gemal irgendeinem der vorhergehenden
Anspriiche, wobei unterhalb des Bodens ferner eine
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Gitterstruktur bereitgestellt ist zum Zerstreuen
und/oder Absorbieren des Schalls.

System geman Anspruch 9, wobei die Gitterstruktur
Stabe aufweist.

System geman Anspruch 9, wobei die Gitterstruktur
zylindrische Strukturen, z.B. Rohre, welche mit Luft
geflllt sind, aufweist.

System gemal Anspruch 11, wobei die zylindri-
schen Strukturen Locher aufweisen, welche der Luft
zugewandt sind.

System gemal irgendeinem der vorhergehenden
Anspriiche, wobei die Schicht(en) unterhalb des Bo-
dens bereitgestellt ist (sind) in einem Bereich, wel-
cher an den Lateralseiten der Piste beginnt und sich
bis wenigstens 100 Meter von der Piste aus er-
streckt.

System gemal Anspruch 13, wobei der Bereich sich
bis zu einem Abstand von wenigstens 300 Metern
von der Piste aus erstreckt.

System gemal Anspruch 14, wobei der Bereich sich
bis zu einem Abstand von wenigstens 500 Metern
von der Piste aus erstreckt.

Revendications

Systéme congu pour la réduction de sons d’aéronef
se propageant dans un guide d’onde dans l'air au-
dessus du sol, au niveau du cbté latéral d’une piste
de décollage, comprenant, au-dessous du sol, au
niveau dudit c6té latéral de la piste de décollage, au
moins une couche supérieure quis’étend vers le bas,
a partir d’'une interface entre ladite couche supérieu-
re et l'air, et qui, au niveau de ladite interface, pos-
séde une impédance acoustique qui correspond
sensiblement a 'impédance acoustique de I'air, ca-
ractérisé en ce que le systéme est congu pour la
réduction de sons d’aéronef dans la gamme de 15
Hz a 40 Hz, au cours de la premiére partie du décol-
lage, dans lequel la couche supérieure fait partie
d’un ensemble comprenant au moins deux couches
superposées de densité différente et/ou de vitesse
du son différente et/ou d’épaisseur différente.

Systéme selon la revendication 1, dans lequel I'eau
est exclue autant que possible de ladite au moins
une couche supérieure.

Systéme selon la revendication 1 ou 2, dans lequel
'ensemble d’au moins deux couches superposées
est destiné a créer un systéme masse-ressort.
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13.

Systéme selon la revendication 3, dans lequel I'en-
semble d’au moins deux couches superposées pro-
cure un mode se couplant a des ondes secondaires
(a savoir des particules se déplagant perpendiculai-
rement a la direction de propagation du son) et/ou a
des ondes primaires (a savoir des ondes sismiques,
propagation longitudinale du son) et/ou a des ondes
de Rayleigh (a savoir la rotation de particules) et/ou
a des ondes de Love au-dessous de la surface du
sol.

Systéme selon 'une quelconque des revendications
précédentes, dans lequell’ensemble de couches su-
perposées comprend au moins trois couches super-
posées avec une alternance de deux types de cou-
ches différents.

Systéme selon la revendication 5, dans lequel I'en-
semble comprend des couches alternées de sable
et de mousse de polystyréne.

Systéme selon 'une quelconque des revendications
précédentes, dans lequel 'impédance acoustique
effective de la couche ou des couches dans le sol
est adaptée aux propriétés des ondes sonores inci-
dentes, telles que par exemple les fréquences, la
direction de propagation du son, en fonction du type
de couche(s), les dimensions des couches et leur
orientation dans le sol.

Systéme selon 'une quelconque des revendications
précédentes, dans lequel chaque couche au-des-
sous du sol est orientée dans une direction perpen-
diculaire a I'intensité maximale du son.

Systéme selon 'une quelconque des revendications
précédentes, dans lequel une structure de grille est
enoutre placée au-dessous du sol pourdiffuser et/ou
absorber le son.

Systéme selon la revendication 9, dans lequel la
structure de grille comprend des barres.

Systéme selon la revendication 9, dans lequel la
structure de grille comprend des structures cylindri-
ques, par exemple des tuyaux, remplies d’air.

Systéme selon la revendication 11, dans lequel les
structures cylindriques présentent des trous en re-
gard lair.

Systéme selon 'une quelconque des revendications
précédentes, dans lequel ladite ou lesdites cou-
che(s) au-dessous du sol est ou sont placée(s) sur
une étendue prenant naissance au niveau du coté
latéral de la piste de décollage et s’étendant jusqu’a
au moins 100 meétres de la piste de décollage.
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14. Systéme selon la revendication 13, dans lequel la-
dite étendue s’étend jusqu’a unedistance d’au moins
300 métres de la piste de décollage.

15. Systéme selon la revendication 14, dans lequel la-
dite étendue s’étend jusqu’a unedistance d’au moins
500 métres de la piste de décollage.
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