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Figure 10. Di}erence of the Waterwheel’s e}ect caused by the variations of channel depth. ——,
110 mm; ----, 170 mm.

5.2. DIAMETER OF THE WATERWHEEL

The sound shielding efficiency of the barrier with Waterwheels of di}erent
diameters is discussed. The diameter of the whole Waterwheel varied from the
original size of 590 mm to 490 mm, 690 mm, and 790 mm, with the depth of the
channels kept at 170 mm. The ratio of the area of the open end of the channel
to that of the bottom is 5·6:1 for the 490 mm Waterwheel and 1·9:1 for the 790 mm
one; hence the channels of the 790 mm Waterwheel are fairly rectangular in shape
as compared to that of the 490 mm.

Results of the calculations are shown in Figure 11. The frequency width of the
improvement around 630 Hz is discussed below. It was expected that the whole
of the improved frequency band would shift to a lower frequency. Nonetheless,
only the lower limit of the band shifted to a lower frequency while the higher limit

Figure 11. Di}erence of the Waterwheel’s e}ect caused by the variations of its diameter. ——,
490 mm; ----, 590 mm; . . . . , 690 mm; –.–.–, 790 mm.
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Optimization#Protocol#

ACOUSTIC(EFFICIENCY(OF(THE(BARRIER(

INSERTION(LOSS(
COEFFICIENT((IL)(

!  Difference(in(acousWc(pressure(
levels(before(and(aXer(the(
inclusion(of(the(barrier.(

(
!  Measured(in(decibels((dB).(

!  Broadly(used(in(the(evaluaWon(of(
noise(control(measures.(

(
!  Expression:(

EFICIENCY(ASSESSMENT(

!  IL(values(collected(for(certain(
points(of(the(domain((receivers):(
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∆q j = A−Σ p j +A+∆ p j ; Σq j = A+Σ p j +A−∆ p j

A+ =−(1/2) ik (β++β−) ; A− =−(1/2) ik (β+
−β−)

(14)

Finally, expression (13) can be expressed matricially as:
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3 Problem definition

Fig. 2 represents the general configuration of the model under study. It deals with a
two-dimensional model concerning an infinite, coherent mono-frequency source of
sound, placed parallel to an infinite noise barrier of thin cross-section that stands on
a flat plane (ground) of uniform admittance at ds = 10m. Both the ground and the
barrier feature a perfectly reflective surface in this article (βg = βb = 0). A trape-
zoidal section holds the area for feasible profiles, defined by the barrier projection
to the ground, that is constant and dp = 1m, and the maximum effective height to
be achieved, that is heff = 3m at the median of the rectangle trapezium.

Table 1 Data concerning regions under study.

Region ds(m) dp(m) dr1
(m) dr2

(m) ∆x(m) ∆y(m)

1
10.0 1.0

0.5 10.0 2.0 1.0
2 10.5 40.0 8.0 2.0
3 50.5 50.0 10.0 5.0

Two different receiver configurations are studied. In one configuration (Ca) a
group of four receivers placed on the ground and separated ∆x from one another is
considered. In the other configuration (Cb), four groups of four receivers are studied.
The first group is laid on the ground and the remaining ones are placed at different
heights, separated among them by a distance of ∆y. In accordance with the former
configuration, the horizontal distance among the receivers of a group is ∆x.

In addition to this, three clearly distinguishable regions in terms of closeness to
the median of the feasible region (dr1) are proposed for both receiver configurations.
Table 1 holds the data concerning these regions.

The results achieved are given in terms of insertion loss (IL), defined as follows:

IL =−20log10

(

PB

PHS

)

(dB) (16)
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PROBLEM(DEFINITION( RECEIVERS(PLACEMENT(

!  Perfectly(reflecWve(both(barrier(and(
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!  Feasible(region(defined(by(effecWve(
height((heff=3(m)(and(horizontal(projecWon(
on(the(ground((dp=1(m).(
!  Source(laid(on(the(ground(at(ds=10(m.(
!  Two(receivers(configuraWons:(4(rec.(on(
the(ground(and(4x4(grid(of(receivers.(

!  Three(regions(in(terms(of(closeness(to(
the(barrier(are(studied:(

PROBLEM(CONFIGURATION(
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APPLIED(SPECTRA(

!  A,weighted(normalized(traffic(
noise(spectra(of(vehicle(by(CTE((ISO(
717.2).(

!  Study(conducted(for(third(octave(
frequencies(ranging(100,2000(Hz.(
(

FITNESS(FUNCTION((FF)(

!  Shape(opWmizaWon(based(on(the(
IL(average(at(receiver(points:(
(
(

!  The(aim(is(to(maximize(the(FF(
value((the(higher(its(value(the(higher(
the(acousWc(efficiency(of(the(
proposed(barrier).(
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RESULTS(DISCUSSION(

MODELS(COMPARISON(

!  The(polygonal,shaped(barrier(
(model(A)(shows(a(bener(
performance(for(near(regions(when(
receivers(are(placed(on(the(ground(
(Ca).(

!  However,(the(6th(degree(Bézier(
curve,shaped(barrier((model(B)(
performs(a(bener(acousWc(behaviour(
for(non,near(regions((over(1(dBA)(.(

!  Both(models(display(a(similar(
acousWc(performance(when(a(grid(of(
receivers(is(considered.(

MODELS(VS.(STRAIGHT(

!  Models(studied(herein(clearly(
outperform(the(acousWc(efficiency(of(
the(straight(barrier(for(all(regions(
and(receivers(configuraWons.(
(
!  The(need(to(study(alternaWves(
designs(to(the(verWcal(screen(is(
suggested,(even(for(far(regions.(
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Conclusions#

!  A( methodology( for( the( opWmizaWon( of( the( performance( assessment( of(
complex(thin(noise(barriers(designs(by(idealizing(their(profiles(as(null(thickness(
boundaries(has(been(presented.(
(
!  Two(noise(barrier(models(has(been(studied(to(validate(the(method.(
(
!  The(range(of(applicaWons(of(the(procedure(is(broad(and(enables(the(study(of(
diverse(topological(soluWons,(including(those(involving(curve(geometries.(
(
!  Idealizing(complex(thin,cross(secWon(barrier(configuraWons(as(null(boundary(
thickness,like(models(strongly(ease(the(topological(validaWon(of(the(individuals(
proposed( by( the( GA,( yielding( conclusions( difficult( to( be( drawn( without( the(
applicaWon(of(this(methodology.((
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Future#Developments#

HYBRID,BOUNDARIED(NOISE(BARRIERS(

QUADRATIC((RESIDUE(
DIFFUSER((QRD)(

!  OpWmizaWon((of(configuraWons(
with(a(certain(number(of(wells.(

OTHER(CONFIGURATIONS(
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