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Introduction
Despite the use of noise barriers and silent roads, traf-
fic noise has become one of the major causes of annoy-
ance. In this respect, it is fortunate that also, so-called,
noise diffractors have now been accepted in the Dutch
legislation as a legal means to mitigate traffic noise.
Diffractors bend the incoming, predominantly grazing in-
cident, sound-waves in an upward direction, creating a
shadow zone of reduced sound pressure levels behind the
diffractor. Diffraction can be accomplished by quarter-
wavelength resonators which can be placed within the
ground but also on top of a (low height) noise barrier.

In this paper, we describe a numerical model for a diffrac-
tor mounted on a low height noise barrier. The model
is used to calculate the scattered sound field in the
proximity of the diffractor, allowing to efficiently simu-
late noise sources at larger distances from the diffractor.
The acoustic pressure and particle velocity on the outer
boundary of the computational domain are subsequently
used in the Kirchhoff-Helmholtz integral to evaluate the
pressures in the far field; thus also allowing to assess the
effect of diffractors at larger distances from the diffrac-
tor. We discuss the quarter-wavelength diffractor but
also introduce a new, reflection-type, diffractor. The ad-
vantages of such a diffractor is the simpler design and the
more direct response to the incoming sound waves.

Theory
Due to the complexity of the diffraction effect, especially
in combination with a noise barrier, the reduction due to
a diffractor can only be evaluated/estimated numerically.
Although a full 3D model is available, such a model is not
efficient to be used for design optimization due to the long
computation times. Therefore, in [1], we have proposed a
2D model to allow fast simulation of the diffractor effect
for large source-diffractor distances and large diffractor-
immission distances, which will be used here as well.

To account for large source-diffractor distances, we use a
scattering approach, i.e. we assume a source which can
be described analytically and only calculate the scattered
sound field induced by the diffractor. Hence the compu-
tational domain only needs to be large enough to describe
the scattered field close to the diffractor; it does not need
to include the entire domain between the distant source
and the diffractor. Hence, we assume the incident sound
field to be described by a cylindrical wave and it’s reflec-
tion from the surface:

Pin = H
(2)
0 (kr) +H

(2)
0 (krm), (1)

where H
(2)
0 (z) denotes the Hankel function of the sec-

ond kind, r =
√

(x− xs)2 + (y − ys)2 denotes the dis-

tance from evaluation point (x, y) to source (xs, ys) and
rm =

√
(x− xs)2 + (y + ys)2 is the distance to the mir-

ror source, simulating a fully reflective surface. k = ω/c
denotes the wave number where ω = 2πf is the angular
frequency.

To avoid having a large computational domain between
the diffractor and the locations at which we would like to
evaluate its performance (the so-called immission points),
the Kirchoff-Helmholtz-integral is used, i.e. the pressure
in the far field is obtained from integration of the eval-
uated sound field (pressure and particle velocity of the
incident plus the scattered wave) and the Green’s func-
tion at the circumference of the computational domain.
That is, the pressure in the far field can be obtained by:
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∫
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)
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where G = i
4H

(2)
0 (kr) denotes the Green’s function, P =

Pin + Ps and Un = Un,in +Un,s denote, respectively, the
pressure and normal velocity on the circumference of the
domain. ρ0 denotes the density.

This approach is illustrated in Figure 1, in which the
(real part of the) incident and scattered sound field near
a simple noise barrier are shown. The source and mirror
source are located outside and left from the computa-
tional domain, close to the ground surface (the half circu-
lar domain is the actual finite element domain). Adding
this scattered field to the incident field yields the total
sound field, as is shown in Figure 2. In the rectangu-
lar domains, the pressure has been calculated from the
Kirchoff-Helmholtz integral (using the total sound field
evaluated on the circumference of the circular domain).
It is noted that a cylindrical wave impedance was used
in the finite element model to absorb all the scattered
waves.

Figure 1: The incident (left) and scattered sound field (right)
near a noise barrier due to a source and its mirror source left
from the computational domain.
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Figure 2: The total sound field near a noise barrier due to
a source and mirror source left from the circular domain and
evaluated using the Kirchoff-Helmholtz integral.

Quarter-wavelength diffractors, parabolic
reflectors and ’shell’-diffractors.
Good diffraction over a larger frequency range can be ob-
tained using a number of quarter-wavelength resonators,
as is illustrated in Figure 3. The resonators create a low
impedance at their entrance which induces a substantial
diffraction. As a reference, Figures 3 and 4 illustrate the
diffraction effect of such resonators on top of a low height
noise barrier at 250[Hz], 500[Hz] and 1000[Hz]. The res-
onators as shown in the figures are tuned for traffic noise,
whose dominant frequency range is from about 400 until
1800[Hz]. One observes a clear wedge shaped region of re-
duced sound pressure levels behind the diffractor for 500
and 1000[Hz]. This reduction is not seen for 250[Hz], as
this is below the first resonance frequency of the deepest
resonator.

Figure 3: The geometry of the quarter-wavelength diffractor
(left) and sound pressure level at 250[Hz] (right). The source
is positioned 2.5[m] in front of the diffractor at 0.1[m] above
the ground.

Figure 4: Sound pressure level near a quarter-wavelength
diffractor at 500[Hz] (left) and at 1000[Hz] (right).

A drawback of quarter-wavelength diffractors is the more
complex design and manufacturing. In addition, the
sound wave impinging on the diffractor needs to last
at least a number of periods for the resonance to start
and a more direct response would therefore be prefer-
able. With this in mind, a new diffractor was designed
as shown in Figure 3. This diffractor is based on the

idea of a parabolic reflector, i.e. letting the focus of such
a parabolic reflector coincide with the top of the noise
barrier, the diffracted waves emitted from the top of the
barrier would propagate to the reflector and be reflected
vertically upwards. As this design is not based on reso-
nance, the diffractor would work instantaneously and is
much easier to manufacture.

Figure 5: A parabolic reflector on top of a 1[m] high noise
barrier (left) and surrounding sound pressure level at 250[Hz]
(right). The source is positioned 2.5[m] in front of the diffrac-
tor at 0.1[m] above the ground.

Figure 6: Sound pressure level surrounding a parabolic re-
flector at 500[Hz] (left) and at 1000[Hz] (right).

As an indication of the performance of the parabolic
reflector, the sound pressure level in the right bottom
corner of the computational domain, as a function of
frequency, is shown in Figure 7. For comparison, the
sound pressure level for a simple 1[m] high barrier and
the quarter-wavelength diffractor is added as well. One
clearly observes a reduction of the parabolic reflector
over a wide frequency range. Compared to the quarter-
wavelength diffractor, the performance is a somewhat less
but one does not observe the (small) amplification at
lower frequencies (just before the resonance frequency of
the deepest resonator).

Figure 7: Sound pressure level reduction for a simple noise
barrier, a quarter-wavelength diffractor and a parabolic re-
flector.

Based on this result, we have combined the two concepts,
i.e. the resonant cavities and parabolic reflectors, to in-
crease the reduction performance while trying to retain
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the simplicity of the parabolic reflector as much as pos-
sible. After numerous design iterations and optimiza-
tions, a, so-called, ’shell’-diffractor is proposed which is
shown in Figure 8. The ’shell’-diffractor consists of multi-
ple parabolically shaped cavities of different sizes, which
are somewhat deeper compared to the parabolic reflector
shown before. The inherent resonant behavior of such
cavities increases the diffraction and the depths of the
cavities can be (and have been) tuned to the frequency
range of interest (in this case traffic noise). Obviously,
the design can be increased in size and number of cavities
to increase its performance, but to be able to compare
the concepts, we have limited the design to a width of
1[m].

Figure 8: The new ’shell’-diffractor and surrounding sound
pressure level at 250[Hz]. The source is positioned 2.5[m] in
front of the diffractor at 0.1[m] above the ground.

Figure 9: Sound pressure level surrounding the new ’shell’-
diffractor at 500[Hz] (left) and at 1000[Hz] (right).

The calculated sound pressure level at 2 locations near a
1[m] high noise barrier, the quarter-wavelength diffractor
and the new ’shell’-diffractor are compared in Figure 10.
These locations are encircled in red in Figure 8 (one on
ground level and one behind the barrier/diffractor, at the
same height as the barrier/diffractor).

Figure 10: Sound pressure level as a function of frequency for
a simple noise barrier (barrier), a quarter-wavelength diffrac-
tor (diffractor) and a ’shell’-diffractor (shell) for the locations
shown in the left figure of Figure 8 on ground level (left) and
at the barrier/diffractor height (right).

The figure clearly shows the increased reduction to the

level of the original diffractor, including the small ampli-
fication before the first resonance frequency. The latter
may be solved by other means.

Experiments
Preliminary experiments have been performed to verify
the concept of a reflector/’shell’-diffractor. For this pur-
pose, the prototype shown in Figure 11, was designed,
build and tested. For simplicity, we have opted for
5 equal-depth parabolic reflectors and the experiments
were done on a paved, reflective, ground surface. A loud-
speaker was positioned 2[m] in front of the diffractor and
microphones at various heights were located 5[m] behind
the diffractor. In this publication, we focus on the differ-
ence in sound pressure level measured at 1.2[m] above
the ground, for both the new concept and a quarter-
wavelength diffractor also shown in Figure 11.

Figure 11: The prototype ’shell’-diffractor (top) and a
quarter-wavelength diffractor (bottom)

Figure 12 shows the difference in sound pressure level (in
1/3 octave bands) for the ’shell’-concept and the quarter-
wavelength diffractor, compared to the levels measured
for a quarter-wavelength diffractor turned upside down
(the quarter-wavelength diffractor then turns into a sim-
ple 1[m] wide, 20[cm] high reflective aluminum box). We
use this reference since the insertion of an object be-
tween loudspeaker and microphone already affects the
measured sound pressure levels. Accordingly, by using
this as a reference, only the effect of the ’shell-’cavities
and the quarter-wavelength cavities are measured and
the effect of the additional 20[cm] high ’barrier’ is filtered
out.

Figure 12 indeed shows a reduction for both the new con-
cept and the quarter-wavelength diffractor of up to 4[dB]
for the new concept and up to 6[dB] for the quarter-
wavelength diffractor. As the prototype only uses cavi-
ties of equal depth, as expected, the performance is less
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Figure 12: Sound pressure level difference 5[m] behind
the diffractor and at 1.2[m] height, for a quarter-wavelength
diffractor (black dotted line) and for an equal-depth ’shell-
’diffractor (yellow line). Reference is an aluminum box of
20[cm] high.

than the quarter-wavelength diffractor, especially for fre-
quencies above 400 Hz for which the quarter-wavelength
diffractor is tuned. As the cavity size will be varied in
the new concept, it is expected that the performance will
increase for these frequencies as well.

Conclusion
In this paper, we have presented a new, so-called, ’shell’-
diffractor, which is based on parabolic reflectors. Based
on a finite element analysis and preliminary experiments,
the new concept indeed shows sound pressure level reduc-
tions behind the diffractor. The new diffractor uses less
material, is easier to manufacture and it is anticipated
that the diffractor will respond more quickly to incoming
sound waves.
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