
Reducing the ingress of urban noise through natural ventilation

openings

Introduction

Concerns regarding sustainability and the need to
conserve finite energy reserves have stimulated interest
in the use of renewable energy sources to achieve
ventilation for new and existing buildings. Design
targets for natural ventilation may be based on air flow
rates for either the control of indoor air quality (where
criteria such as flow rate per unit of time per person are
specified, as in ANSI/ASHRAE Standard 62-2001
(2001) or to prevent overheating for which ventilation
will need to provide a channel for cooling. However,
the small pressure differentials available to drive
natural ventilation systems in buildings requires a
system to have inherently low airflow resistance in
order to achieve adequate ventilation rates (CIBSE,
1997). Low airflow resistance can be achieved by
opening large areas of the building façade but this will
have the associated problem of significantly decreasing
the noise insulation of the building fabric. Thus natural

ventilation systems will offer little resistance to the
ingress of externally generated noise. The option of
natural ventilation therefore has often been restricted
to buildings in areas of low ambient noise levels. With
an increasing pressure to exploit natural ventilation it
is necessary to look at measures that will render it a
viable option in a wider range of areas including those
with higher background noise levels, typically due to
road traffic.
If a natural ventilation approach is to become more

common in noisy urban areas then more information
needs to be provided to designers about different
approaches to control noise. In particular, the acoustic
performance of a ventilator needs to be presented in
conjunction with airflow performance data so that the
designer can select an approach that will satisfy both
noise attenuation needs and airflow requirements.
This paper examines techniques to reduce noise

ingress into naturally ventilated buildings while mini-
mizing airflow path resistance. The work is primarily
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concerned with buildings of open plan design because
small domestic buildings tend to be closed plan which
causes difficulties with airflow paths. The acoustic and
airflow characteristics of simple apertures were first
identified and then used to devise a method of relating
the acoustic and airflow performance of a ventilation
aperture in a wall. A number of noise control strategies
that can be applied to reduce the ingress of externally
generated noise were examined and their potential
performance systematically evaluated using a combi-
nation of theoretical modelling and experimental
measurement. It is demonstrated that a combination
of sound reduction mechanisms – one covering low
frequency sound and another covering high frequency
sound – is required to attenuate effectively noise from
typical urban sources. A technique for assessing the
combined airflow and acoustic performance of treated
apertures is then proposed.

Quantifying the airflow and acoustic performance of ventilation
apertures

The aim was to devise noise control techniques that
optimize both the acoustic and airflow performance of
ventilation inlets and outlets, thus there is a need to be
able to quantify the acoustic and airflow performance
of different strategies so that their benefits can be
compared easily. Airflow in naturally ventilated build-
ings results when a pressure differential, DP, is created
across a building’s façade by wind and/or buoyancy
forces. It has been found experimentally that the
following equation of flow for a thin orifice plate is
valid for a large opening of simple geometry, such as
would be employed as a ventilation aperture in a
building façade (CIBSE, 1976):

Qv ¼ 0:827AðDPÞ0:5 ð1Þ

where Qv is the volumetric flow in m3/s, A is the open
area of the orifice plate in m2 and DP is the pressure
difference across the aperture in Pascals. It can be seen
that the volumetric flow rate is directly proportional to
the area of the aperture.
Similar expressions exist for ducted flows and it

should be noted that the flow characteristics for short
lengths of smooth ductwork may be slightly better than
those of simple of apertures of the same cross-sectional
dimensions because of the better flow regime (CIBSE,
1977).
The acoustic performance of a wall structure is

normally specified in terms of its sound reduction index
(SRI) which is a measure of the reduction in sound
pressure level, measured in dB, across the wall. This is
sometimes also referred to as the transmission loss
(TL). The textbook equation for the SRI of a
composite wall consisting of an element of area AA

and SRIA in a wall of area AW and SRIW based upon

the relative sound energy transmitted by each compo-
nent of a composite wall (de Salis et al., 2002) is:

SRIWþAðdBÞ ¼ �10 log
AW10

�SRIW
10ð Þ þ AA10

�SRIA
10ð Þ

ðAW þ AAÞ

" #

ð2Þ

Equation 2 shows that the effective sound insulation of
a composite façade is a function of the sound reduction
indices and relative areas of each component. The
sound reduction index of a simple aperture is approxi-
mately 0 dB and for a naturally ventilated building, the
composite façade SRIA+W will thus tend to be dom-
inated by the poor performance of the ventilation
aperture. However, because of the form of Equation 2,
the sound reduction index is not in simple proportion
to the area of the aperture as is the case for airflow.
Figure 1 illustrates this by showing the effect of

simple apertures occupying different fractions of low,
medium and high performance walls. It can be seen
that for the high performance wall, with an SRI of
40 dB, the effect of even a very small aperture is to
dramatically reduce its effective performance. In effect,
the sound intensity transmitted via the aperture is
typically much greater than that transmitted via the
wall. The medium performance wall, with an SRI of
20 dB, is similarly affected for apertures occupying in
excess of one per cent of the total wall area. The low
performance wall can tolerate significant perforation
before its effective performance begins to deteriorate.
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a wall on its acoustical performance
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The situation is further complicated by the fact that
the SRI of a wall varies with frequency and thus the
effect of an aperture in a given wall will be a function of
the frequency of the incident sound. For practical
applications there is a need to devise a simplified
measure of the acoustic performance of a façade.
In urban noise measurements a single figure value of

the sound pressure level is normally employed, which is
obtained by the use of a simple weighting that mimics
the frequency characteristics of human hearing. Noise
levels thus measured are expressed in dBA where the A
signifies use of the so called A weighting network. This
paper is concerned with the effect of different acoustic
treatments on noise in urban areas where road traffic is
the major noise source. Thus the technique adopted in
this work was to use a single figure SRI to express
façade performance. This is calculated by logarithmic-
ally summing the A weighted spectrum of traffic noise
as attenuated by the façade and subtracting it from the
sum of the un-attenuated spectrum.
The acoustic performance is a function of the ratio of

aperture area to total façade area, therefore it is
advantageous to express airflow performance in a
similar manner. Airflow performance was thus
expressed as a function of the percentage of façade
area occupied by the ventilation opening per square
meter. Conversion of this data to façades of different
area involves simple mathematical manipulation. It
should be noted, however, that this is based upon the
assumption that the size of the apertures and sur-
rounding un-perforated wall are such as not to disturb
significantly the pressure field at the façade.
Figure 2 shows how this approach can be used to

relate the flow rate through ventilation apertures for
different pressure differences and the resultant effect-
ive SRI for road traffic for different percentages of

open area of a façade. The curves are based upon the
acoustic performance of a typical brick cavity wall
with an SRI relative to a traffic noise spectrum
(SRIroad traffic) of 40 dBA. The figures along the curves
indicate the percentage open area and the figures
along the bottom represent the pressure differential
causing airflow.
A curve such as that shown in Fig. 2 enables the

designer to assess the acoustic consequences arising
from ventilation requirements and to identify the need
for acoustic treatment. For example, a large open-plan
room measuring 20 m by 20 m and one storey height
would require airflow in the region of 20 m3 per hour
per m2 of façade area to achieve one air change per
hour to control air quality, and 100 m3 per hour per m2

to achieve five air changes per hour for cooling
(CIBSE, 1997). The required open area of façade to
achieve these airflow rates with a 5 Pascal pressure
differential across the façade would reduce the SRIroad
traffic to approximately 25 dB(A) to achieve air quality
and 18 dB(A) for sensible cooling.
This example illustrates the need for noise control

measures at ventilation openings in order to achieve
both adequate acoustic insulation and airflow rates.
However, the designer needs to be aware that the noise
control measures will tend to increase the resistance of
the ventilation openings and thus may necessitate an
increase in the size of the openings to maintain the
desired flow rate.

Noise control strategies

Figure 3 shows a number of potential techniques for
reducing noise ingress via a ventilation aperture and
the frequency range over which they are effective (de
Salis et al., 2002). From examination of Fig. 3 it can
be seen that closeable apertures offer the best perform-
ance and, in principle apertures can be closed for
temporally varying noise sources giving negligible
deterioration in the net façade SRI. Although research
has been undertaken into the use of a noise sensitive
actuating damper or window system, this technique is
intended for temporally varying and readily identifiable
noise sources of particular types such as aircraft
(Mohajeri and Fricke, 1995). It is doubtful whether it
would prove effective for a more continuous source of
noise such as a traffic stream and so is not considered
further in this paper.
The techniques illustrated above are limited in their

attenuation capabilities because their attenuation
mechanisms will have optimum performance over a
restricted region of the frequency spectrum. If the noise
source has strong tonal components then useful
attenuation may sometimes be achieved in narrow
bands, and in these cases individual treatments may
provide the ideal solution because they provide com-
paratively high levels of attenuation over limited
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bandwidths. However, in reducing a broad band noise
such as road traffic noise, reductions must be made in
all the prominent frequency bands.
From examination of Fig. 3 it can be seen that most

conventional noise control treatments (e.g., louvers,
screening) are not effective at low frequencies. When
these devices are used to combat road traffic noise their
effectiveness at reducing the �A� weighted sound pres-
sure level is limited. This can be seen from Fig. 4 where
the effect of using double louvers compared to using
single louvers is to reduce the high frequency compo-
nents of the spectrum resulting in the low frequency
components having a dominant effect on the �A�
weighted sound pressure level.
In Fig. 4 the spectrum corresponding to that of

un-attenuated �A� weighted traffic noise is the reference
against which the performance of different noise
control measures can be evaluated. This spectrum has
been normalized so that when the contributions of the
different frequency bands are logarithmically summed
the result is 0dBA. Also shown in Fig. 4 is the
normalized spectrum of traffic noise attenuated by a
brick cavity wall. This spectrum sums to )40 dBA.
This value represents the effective SRI of the wall with
respect to the traffic noise spectrum. The normalized
spectrum for the single louver sums to )11.3 dBA and
this is the corresponding effective SRI of this device.

Although the normalized spectrum of the double
louver shows reductions of approximately 20 dB for
higher frequencies compared to the single louver it
sums to 17.7 dBA, which is only an improvement 4.4
dBA. This is because of the logarithmic nature of the
decibel which results in the summed level being
determined mainly by the highest level components of
the spectrum.
This example demonstrates that a law of diminishing

returns comes into play if additional high-frequency
treatment is applied and suggests the need for hybrid
systems employing techniques to act on both low and
high frequencies. Possible low-frequency techniques
include the use of quarter wave resonators (Field and
Fricke, 1995), Helmholtz resonators (de Bedout et al.,
1997; Chen et al., 1998) and active noise control (Jiricek
and Konicek, 1997; Leventhall and Wise, 1997).
In the context of natural ventilation used in non-

domestic buildings, which is the subject of this paper,
the technique of active noise control has much to offer.
The underlying principles are illustrated in Fig. 5. It
involves the use of an electronic system consisting of a
microphone and a signal processing system that
outputs an acoustic wave by means of a loudspeaker
that is in antiphase to the incoming noise. A degree of
noise cancellation can be achieved due to the phenom-
enon of interference.
Active noise control is highly efficient at attenuating

low frequency noise below the initial duct cut-on
frequency (Leventhall and Wise, 1997). Also it should
add negligible resistance to the airflow of a ventilation
system because cancellation speakers may be applied at
the duct walls causing minimal flow restriction. Active
noise control should theoretically add no flow losses to
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a ventilation system and should deal with low frequency
noise, which is the most difficult to attenuate without
the use of high pressure loss dissipative attenuators.
The system shown in Fig. 5 involves the use of a

short duct because active noise control is most easily
implemented in this relatively closed environment. The
duct environment is also suitable for the use of a high-
frequency noise control strategy such as a porous
absorbent lining. As stated above, the pressure loss due
to a small length of duct can be comparable to that of a
simple opening due to the better flow conditions
(CIBSE, 1997). Thus, in combination with a low
pressure loss passive attenuator, active noise control
could fill in the gap in low frequency attenuation and
thus maximize airflow and acoustic efficiency.
The use of active noise control in attenuating steady

fan noise in building ventilation systems is widespread
and is especially useful in cases where adequate attenu-
ation of low frequency noise would otherwise have
required excessive passive treatments inducing large fan
loads. Leventhall andWise (1997) report that a low flow
resistance hybrid passive and active silencer can give
attenuation to fan noise in the region of 10–19 dB
between 63 and 400 Hz in a typical ventilation duct.
In the context of the concerns of this paper, difficulties

might arise due to the nature of a traffic noise source,
which may be described as an inhomogeneous line
source. Active noise sensors will find it difficult to track
this type of field effectively. However, in a duct
environment these problems are reduced due to the
simple one-dimensional nature of the path between the
sensors and actuators. Limited duct lengths may also
limit the efficiency of the active control mechanism.
A number of ducts of small cross-section would be

easier to treat actively than a single duct of large cross-
section. This is because the useful range of active
attenuation is dictated by the cut-off frequency of the
duct (Montasier et al., 1997; Sinambari et al., 2000).

Experimental measurements

Although data exist concerning both the acoustic and
airflow performance for a limited number of techniques

for reducing noise ingress through apertures, there is
generally a lack of combined performance data. This is
mainly because facilities for measuring both acoustic
and airflow characteristics are not commonly available.
A key element of this investigation therefore has been
the development of testing facilities capable of meas-
uring the airflow and sound transmission losses for a
range of ventilation noise control strategies. The
limitations of available laboratory space meant that
the experiments were typically carried out on scale
model systems with a scale factor of 1:8. The scaling
laws applicable to acoustic measurements require the
ratio of sound wavelength to object linear dimensions
to be maintained. The velocity of sound is constant
when the medium is air in both model and prototype
situations, therefore this requires measurements to be
scaled up by the same factor by which linear dimen-
sions are scaled down.
Airflow tests were carried out using a test rig devised

for the measurement of air flow through and pressure
differential across the test components consisting of a
plenum chamber of approximately 1 m3, a fan and a
precision laminar flow metering device as shown in
Fig. 6. The fan was used to establish small pressure
differentials and air flows through scale models of the
air inlet and ducting configurations. Laminar flow
devices were employed to enable accurate flow data to
be collected, and digital micromanometers provided
information on the pressure drops that developed
throughout the scale models. Measurements of pres-
sure differential were taken for various flow rates
induced by the fan and the previously determined
leakage of the box was subtracted to obtain the
pressure to flow rate characteristic of the ventilator.
Figure 7 shows an example of measured airflow

data for a simple noise control device consisting of a
screening plate in front of an aperture. Measured
pressure against flow rate characteristics for the 350
by 350 mm absorption backed plate screening a 50 by
50 mm aperture at various distances normal to the
aperture are shown in Fig. 7. The increase in required
pressure differential for a given flow rate was found to
be small as the plate was moved closer to the hole,
leading to a small variation in flow coefficient, Cd.

Fig. 5 Schematic of active noise control system

Fig. 6 Airflow measurement rig
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The technique of acoustic intensimetry was employed
in order to make direct measurements of the sound
power transmission characteristics of the inlet/outlet
systems. A baffle with an aperture for mounting test
specimens was constructed to facilitate a scale model
version of the façade element test detailed in ISO 140
part 5 (International Standards Organization, 1996)
using the intensity method (British Standards, 2000). A
filtered source with a high-pass cut-off frequency of
250 Hz, in the anechoic chamber at the University of
Liverpool located, provided the equivalent of free-field
conditions. The test set-up achieves measurement
conditions that comply to those required by the
Standards for the measurement of transmission loss
of panels with two exceptions:

1 the source field condition is free-field rather than
reverberant. This is valid when applying intensime-
try;

2 the parameter measured is insertion loss using an
amplified white noise source rather than direct room
to room transmission loss. This is a perfectly valid
approach under free-field conditions with a repeat-
able noise source.

Measured insertion loss results for normally incident
sound from 630 Hz to 10,000 Hz for the absorption
backed screen are shown in Fig. 8. The insertion loss was
measured with the screen at varying distances normal to
the aperture to gauge any variation in insertion loss with
distance. It was observed that at low frequencies some
benefit was gained by moving the plate closer. However,
in the higher frequency range little variation in perform-
ance was noted with distance from aperture. Insertion
loss results for larger ventilators may be predicted by

scaling the frequencies down by the scaling ratio of the
actual element to the test element.
Some initial measurements have been made in an

attempt to assess the effectiveness of an active noise
control system for traffic noise transmitted in a duct.
Figure 9 shows the measured sound intensity level in
the duct transmitting traffic noise previously recorded
at a busy junction with slow moving accelerating and
decelerating traffic. Results of experiments for an inlet
system incorporating a length of ductwork (2 m) are
shown and it can be seen that the performance
obtained is comparable to that for temporally invariant
noise sources (Leventhall and Wise, 1997). The aver-
aged intensity levels are shown with and without active
noise control. Attenuation ranges between 5 dB and
13.5 dB between 50 Hz and 315 Hz. Background noise
levels were far from ideal during these measurements
and coherence functions between sensor and error
microphones suggested limits of active control of
between 9 and 21 dB in the 50–350 Hz range.
As discussed above, the restricted range of frequen-

cies over which individual noise control strategies are
effective suggests that hybrid systems incorporating
both high and low frequency control measures would
be beneficial. This is illustrated in Fig. 10, which shows
the attenuated traffic noise spectra corresponding to a
length of lined duct and also the lined duct plus active
noise control. It can be seen that the lined duct acts on
the high frequency components of the traffic noise
spectrum in a similar way to the acoustic louvers,
resulting in a broadband attenuation of 14.2 dBA. The
effect of the active noise control system on the low
frequency components can also be seen resulting in a
broadband attenuation of 22.7 dBA. It should be noted
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that this value relates to that of the ventilation inlet
and when used in conjunction with the SRI of the
façade to calculate the effective SRI using Equation 2 it
is probable that this value will approach that of the
un-perforated wall.

Design guidance

In order to enable the designer to make an informed
choice a design methodology has been developed
involving the presentation of acoustic and airflow data
on a single chart. The airflow in m3/h/m2 of façade area

per Pascal0.5, denoted by Q, may be calculated as a
function of the proportion of ventilator inlet area to
total façade area. For a given façade construction, e.g.
brick cavity wall, a chart of sound insulation to road
traffic noise against flow rate may then be compiled.
This can be applied where a specified flow rate and
sound insulation are required and the necessary open
area for an assumed pressure differential or the
required pressure differential for a given open area to
achieve the design conditions, can be determined.
Figure 11 depicts a typical curve that shows the
predicted performance of apertures in a brick cavity
wall to normally incident sound when treated with
acoustic louvers, a lined duct and a lined duct plus
active noise control. The vertical lines indicate the
effective percentage open area required to achieve a
given flow rate for different acoustic treatments applied
to ventilation apertures. For example, to obtain an
airflow of 30 m3/h/m2 of façade area per Pascal0.5 with
a simple untreated aperture would require 0.9% open
area and provide an effective SRI of 20 dB. The
corresponding values for apertures treated with double
louvers would be 6% and 31 dB, respectively.
Application of this design method can be illustrated

with reference to the example given earlier of a large
room measuring 20 m · 20 m in which the airflow
rates to control air quality and for cooling are in the
region of 20 m3/h and 100 m3/h/m2 of façade area,
respectively. For a pressure difference of 5 Pa the
corresponding values of Q are approximately 9 and 45.
From Fig. 11 it can be seen that, for the simple
aperture, air quality can be achieved with an open area
of approximately 0.3% and an effective SRI of
approximately 25 dB. Cooling can be achieved with
an open area of approximately 1.4% and effective SRI
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of 18 dB. If this acoustic performance is not adequate
then the chart can be used to evaluate the effect of
various treatments.
For example, with regard to cooling, the required

airflow can be achieved using simple louvers occupying
approximately 7% of the façade area with an effective
sound reduction index of approximately 24 dB. For
double louvers the required area is approximately 9%
and the effective SRI is approximately 28 dB. For the
lined duct the required area is approximately 1.4% and
effective SRI is approximately 32 dB. Finally, for
the lined duct supplemented by active noise control
the required area is again approximately 1.4% but the
effective SRI is approximately 38 dB. The latter value
is within 2 dB of that of the un-perforated façade.
An alternative approach to the use of the design

chart is for the designer to first specify the airflow and
acoustic requirements and to locate appropriate treat-
ments from the chart. For example, if considerations of
airflow required and design pressure differential result
in a calculated value of Q of 30 m3/h/Pa0.5/m2 and the
SRI required to achieve acceptable indoor conditions is
25 dB, then the chart shows that acoustic louvers
occupying approximately 4.5% of façade area would
be adequate.

Conclusions

A number of noise control techniques for naturally
ventilated buildings have been examined in the previ-
ous sections. Analysis of the effects on airflow and SRI
to road traffic of a typical façade containing a treated
aperture suggests that with careful design useful airflow
rates capable of controlling indoor air quality and
thermal comfort can be provided in buildings in
combination with good noise insulation. The need for
employing techniques for combating low frequency
sound in tandem with techniques for reducing high

frequency sound in diminishing the ingress of noise
from urban sources such as road traffic to acceptable
levels has been demonstrated.
An example of the combination of two complement-

ary techniques has been demonstrated for a ducted
inlet or outlet. This configuration will generally provide
considerable scope for attenuation of external noise by
enabling the use of strategies such as lined ductwork
and active noise cancellation. Preliminary application
of active control to a ducted system has suggested that
attenuation in excess of 7.5–8.5 dB can be achieved for
traffic noise in the octave bands from 63 Hz and
250 Hz. Combining this with a short length of lined
duct has suggested that such a hybrid passive/active
system may be able to provide the above flow rates in
combination with an SRI to road traffic of as little as
2 dBA less than that of the homogeneous wall.
If a natural ventilation approach is to become more

common in noisy urban areas then more information
needs to be provided to designers about different
approaches to noise control. In particular, the acous-
tic performance of a ventilator needs to be presented
in conjunction with airflow performance data so that
the designer can select an approach that will satisfy
both attenuation needs and other design require-
ments. A technique is proposed for enabling the
acoustic and airflow performance of apertures for
natural ventilation systems to be designed simulta-
neously. It is hoped that this technique might facili-
tate the more widespread adoption of natural
ventilation systems.
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