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ABSTRACT

For reduction of road traffic noise, measures focussing on the propagation path are needed asentsnple

to measures at source. Here, the effect of Helmholtz resonators, buried in the grouncakurisige the

road, is investigated. Possible benefits of buried resonators are that they can function without obstructing
the accessibility to the protedterea. A modelling approach using equivalent sources is described for a
coupled field of resonators in an otherwise acoustically hard ground plane. The model is validated
comparison witHaboratory measurementor selected road traffic cases, thedel is used to predict the

effect of resonators in a grid pattern within a strip along the road, showing edisgions of 24 dBA.
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1. INTRODUCTION

Noise pollution is anajor environmental problem. The social costs of traffic noise have been estimated
to 0.4% of total GDP for the European Unicend the main contribution ftom roads At the same time
road traffic is expected to steadily increase, the source strengti expected to significantly decrease
within the near future and urbanization is an ongoing proaelsereby the reduction ajutdoor traffic
noisein urban areas a major issue of high need.

In urban areas acoustic measures like noise barriers tere raft wanted and is seldom possible to
achievesignificanteffects by calming oreroutingtraffic. Thereforethe effect of installing resonators in
the ground surface alongside the road has been investigatede of many alternative approachesdise
reduction during propagatioA benefit of using buried resonators is that they can be made to work without
imparing the access to the surface, ipmdestrians and cyclisthay passacross surfaces with buried
resonators.
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2. METHOD

2.1 Basic principles of Helmholtz resonators

A single Helmholtz resonator basically consists of a closed voliijaeyhich is connected ta neck
with a smalleropening areas$,, see Figure 1. The top neokeningworks as a port through which the
resonator communicates with the external medium, here assumed to be a homogeneous atmosphere. A plug
of air enclosed in the neck of the resonator will move downwards after a positive pressure pulse is
impinging on the remnator opening and will increase the pressure inside the resonator volume. It is,
however, important to realize that the resonators neck is small with respect to the acoustic wavelength of
interest, both in length and width. Hence the neck particle vglatiing the neck can be assumed to be
constant. Also the body dimensions are assumed small in comparison with the wavelength.

Figure 1DRepresentation of a single cylindrical Helmholtz resonator. Hgistheuncorrected length of
the neck/ythelength of the bodyd theradius of the body theradius of the neck opening, the
opening surface area afgthe surface area of bodpp and bottom

A Helmhotz resonator is a simphaassspringsystemwhere the air in the neck represents the mass and
the enclosed air in the volume represents the spring. To calculate the resonance frequency correctly it is
necessary to add the mass of the air directly connected at both ends of the neck to thegostEbatiof air
in the neck. The resonance frequefjof a Helmholtz resonator can thendsimated as
c S,
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Wherec is the sound speed atig, is the correction for the connected air at both erfdbe neck. The
neckcorrectionis well described in literature (e.g. [1]) for different shapes of the neck and geaimet
setups, for instance fa single circular opening(dating back to Rayleigh)L,,, =~8a/(3x). The formula

can be used for the outer eodrrection, whereakerewe haveincluded an inner endorrection with a
slightly smaller sizeaccording to Ingarl], as:
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To calculate the impedance of a Helmholtz resonator the approach by Ragleigéful, wherean
incoming pressure eventually results in a velocity of the piston, i.e. the air of the neck. The piston velocity,
which is dependent on the resonator characteristics, can be seen as the speed at which the opening surfact
Samoves due to an incoming peese. The impedance of the resonating absorber is constituted by its mass,
springstiffness and resistance. Using a lumped element model makes it possildealiz@ithe working
system by the mass, spring and resistabements, seEigure 2.



Figure2 BbLumped element model of a Helmholtz resonator excited by a fBréarthermoreM
represents the total makg + M, whereM, is the neckmass and/,, the correction in connection to the
bodyvolume s is the spring stiffness ang}, the resistance ithe neck.

As displayed irFigure 2, the upward displacement is defined as positive and the fyrisedefined in the
opposite direction. A force balance results in

—-F=Ma+R v+sz. (3)

The partial differential equation (E8) is solved using a frequency domain approach, wityez anda =
jov, wherew =2z f. The impedanceZ, relating pressure and velocity at a common paiat) here be
written Z = -p/v. Usingp = FIS, finally gives the impedance as
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which links back to the equation for the resonance frequency (Eg. 1) by setting the imaginary part of the
impedance equal to zero and using

pc’S?
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wherep is thedensity of airThe resistance is taken as
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where pg is the dynamical viscosity of ajd]. The correction used here for the mass connected tértie
sizebodyis, adapted fronj2]:
L,S.p

M, =22l
S ()

2.2 Prediction model

A model has been developed, where the radiation fronopleaings of the resonators are modeled as
auxiliary monopole point sources in an acoustically hard plane. For an original omnidirectional point
source, simulatingone ata time, the different vehicle sourcethe sound field can be calculated in any
point above the plane, after first determining the source strengths of the auxiliary sources, as is briefly
described below.

For a set ofV resonators, an equation system needs to be set up and solved Wgithg a matrix of
sizeN x N, q a vector of lengthv of the unknown source strengtlys, andp a vector of lengthV of the
incoming pressure from the original source to each resonator opening, the equation system can be written
as

Axq=p (8)
where elements; of A contain the transfer functions from resonatto resonatoy. Gaussian elimination

can be used to solve the equation system, resulting in the resonator ampjitudeish are used to
calculate the total pressure at the receiver as

p(x,,2)=q[G@r)+G(r)]+ EQ,G(V;) )

i=1



where ¢ is the strength of the original sourcé(r) is the Green function for a point source in a
threedimensional unbounded spaegandr,. are the direct and the ground reflected path lengths from the
original source to the receiver ands the distance from resonatoto the receiver. The insertion loss at a
certain frequency is then calculated as

‘ q[Gr)+G ()] ‘
q[Gar)+G()]+ Y, q.Gr)

i=1

IL=20log,, (10

3. RESULTS

For the resonators in the ground surface, validating laboratory measurement results are shown together
with corresponding ones of using the model. Thereafter the model has been used to predict the performance
of a grip of resonators alongside a tdaneroad.

3.1 Comparison between calculations and laboratory measurements

A square grid of seven times sevesaeators, with a centt®-centre spacing of 3@m, was placed
with the openings in plane with an acoustically hard and smooth surface made of atseateckplywood.
For the construction of the resonators, anB8f deep cavity with a grid of aluminiumalls was
manufactured together with a setfmm-thick top aluminium plates with citdar openings of different
radii. The grid of resonators was placed in the centre of the 1.2¢lplywood plate. The measurements
without effect of resonators were carried out by covering the openings by tape. A point source was
simulated using a compression driver connected to amaloBg flexible hose with an aluminium ring at
the opening, withminner diameter of 2Bim. InFigure 3 these parts of the measurement setup are shown.

Figure 3bMeasurement setup for the grid of resonators: a) cavities, b) source, c) top plapepldje
openings covered by tape.

The soundsource was placed at a height ofréth at a distance of 60@m from the centre resonator
along the centre line of the resonator grid. Feeding the loudspeaker with envib#esignal the resulting
sound pressure was measured using a quarter inch micegharson Davi2520, amplified using a
G.R.A.S. Power Module Type 12AAFor each result, 30 averages of 8ldng signals were used.

Six different top plates were used to study the effect of varying the opening sizes, as shaile ih
Plates nr 5 ath 6 are placed so that the opening radius is increasingwise from source toward
microphone.



Table 1D Variation of top plates with different resonator opening radii and
corresponding resonance frequencies

Top plate  Opening diameters Estimatedesonance

nr frequency

1 all 6.0 mm 780 [HZz]
2 all 7.0 mm 862 [Hz]
3 all 8.0 mm 940 [Hz]
4 all 10.0 mm 1084 [Hz]
5 2.0,3.0,4.0,5.0,6.0,7.0and 8.0 n 5008940 [HZ]
6 5.0,5.5,6.06.5 7.0, 7.5 and 8.0 mn 689040 [Hz]

The various results ardisplayed inFigures 48. Unless otherwise stated, the receiver is placed on the
plywood plate, 30nm behind the last row of resonator openings an@as, i.e. so that the souie

receiver line coincides with the centre line of the resonator grid. iFicsin be seen that there is good
overall agreement between modelled and measured results. The agreement for pBtes wery good,

except slight deviation in resonance frequency as well as some disturbances that are most pronounced at
higher frequenies (Figures 4 & 5) Similar disturbances were found in all measurements and may be due to
waves from the resonators that are diffracted at the edge of the plywood plate.

Concerning the performance of the resonators, the insertion loss increases withg cgrexa, as
expected, i.e. from plate 1 to plateAk also expected, it can be seen that the noise reduction takes place
from above the resonance frequency, extending in a tail toward higher frequencies, i.e. governed by the
massbehaviour of the resonat The plates with mixed openings perform less well, i.e. plates 5 and 6
(Figure 6) Finally, the last thre@lots show thatthe modelworks also for other receiver positions: at a
further distance behind the grid of resonatéiigijre 7, lef}, off the @ntral axis Figure 7, rightand for an
elevated receivetHgure8). Here, however, the disturbances become relatively larger, and the results show

slightly less good agreement.
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Figure 4bResults forap plate nr. {left) and bp plate nr2 (right).
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Figure 5DResults forap plate nr. Jleft) and bp plate nr4 (right).
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Figure 6DResults forap plate nr. Kleft) and bp plate nr6 (right).

40 40
Meas Meas
351 - - -Model 1 351 - - -Model 1
30t 1 301 i
250 1 25 |
20l 1 20t : ]
m a '
© 15t ~ 17° 1sf v 1
= = bt
10 :I‘ 8 10f :“ § 1
[N Y
5 PNl 1 5 RN ]
1 el 1 RREE TS
OF === = == mmmmwil ] ,I 7 OF======-mmmcao L I‘ |
Seo 1 Sso
sl Nt 4 —5F N 1
-10 ‘ -10 :
10° 10° 10° 10°
Frequency, Hz Frequency, Hz

Figure 7DResults fottop plate nr. 2with receiver 100nm behind last row of resonator openings axis
(left) and90 mm off-axis (right).
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Figure 8DResults forop plate nr. lreceiver elevated to 6am.

3.2 Resulting insertion loss for a modelled grid of receivers along a road

Situations with a twelaneroad arehere used to give an estimate of the effect of roadside resonators.
Each lane is modelled by sources at three heightsrdingoto the Harmonoise modébr light and
heavyduty vehicled3]: 0.01m for rolling noise of botlvehicletypes; 0.3 for light vehicle engine noise;
and 0.75m for heavyduty vehicle engine noisélso the source power spectifallow the Harmonoise
model, including the partial power redistribution between rolling noise and engine noise. The horizontal



separation distanceetween the two lanes is 3%, and the noise sources are modelled as being in the
centre of a lane. At a horizontal distance of 2.5rom the centre of one lane, andwide strip of ground
surface is devoted to resonators, in an otherwise hard grounty thei numerical model, the effect of a
square grid of resonators withch spacing is estimated. The resonators all have a resonance frequency of
about 380 Hz and a circular opening with Bth diameter. The frequency region for expected noise
abatement i©ience above 38dz, which is targeting the sourspectrum peak region aroundkHz. The
plotted results are fod5 % passenger caed5 % trucks or buses (i.e. heagyty vehicles)at driving
speeds of 50 and Kin/h, as well as fopnly passenger caeg a driving speed of 5&m/h. For simplicity, a
constanflow of 27,500 vehicles per ddyas been assuméat all three cases.

In Figures 9B11, the calculated sound pressure level is shown, with and without the resonators, for the
third-octave bands #B000Hz, and fora 1.5m highreceiver at B m range As expectedthe performance
is better at higher frequencies, here, above 2A0Below that frequency there is an estimated noise
increaseln generaljt is seen that the abatement using@-#vide stip of resonators is calculated to give
24 dBA noise reductioffior the various traffic casel specific, for 5% heavy vehicles, the #n/h case
is predicted to give slightly higher insertion loss than th&rbh case, about @BA instead of 2IBA,
which is due to the relative increase in rollingise at higher driving speeds, whereasp@assenger cars
only, at 50km/h, the predicted insertion logsabout 4dBA, which is due to the omission of the higher
position engine source of the heavy \obés.
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Figure 9bCalculated sound pressure levels (SPLjhwnd without resonators, & Bn range
Driving speed 5&m/h, 5% heavy vehicles.
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Driving speed 70km/h, 5% heavy vehicles.
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4. CONCLUSIONS

For roadside resonators of Helmholtz type, a numerical modebéws developed and validatbs
laboratory measuremenfBhe model has been used to estimate the effect ohavile strip ofresonators
buried in theground surface, using a centrecentre spacing of ém, circular openings with 2@m
diameter and a ecomon resonance frequency of about 380 Hz. Calculated sound pressure levels in the
range 58b000Hz, with and without the resonators in amerwise hard ground, show, ftwo-laneroad
traffic case, estimated nois reductions of 24 dBA. There is also aestimated noise increase at lower
frequencies, at 258z and below.

Concerning further work, initial calculations show interesting results when raising a finite impedance
strip to a moderate height of M8 whereby this is planned to be investigated frrfior the resonatorin
addition, it would be of interest to reduce the predicted noise increase at lower frequesmtiesmore
slightly higher insertion losses are expected if the strip is placed closer to the road track, which should be
possiblein practice since the resonators can be free from protruding elements.
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