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ABSTRACT: This paper addressesthe problemof achievingnoisereductionin buildingsthat are exposed to road
traffic noise whilesatisfyingventilationrequirements.A designprocesshas been developedthat optimisesthe size
of an opening in abuilding for ventilation while estimatingtheatten uationofexternal traffic noise inside the
building. A fan with associated duct work is fitted to an opening in the building facade to provide ventilation.
Therefore the optimisationof the opening size is used to determine the necessary fan characteristicswhich best
suits the opening. The process allows the user to specify particular environmentalconditions inciudingtraffic
noise spectra, required ventilation rates, ventilationfan type, ventilationduct characteristicsand building facade
properties.Modelresults are presentedindicatingan optimumventilationopeningsize with the associatedinternal
noise levels. The work is part ofalarger study into reducingnoise through ventilationopenings.

1. INTRODUCTION
The noise from road traffic in urban areas is a well known
problem throughout the world. While there is an obvious
requirement to reduce the level of external noise entering the
building enclosure, ventilation standards must also be
adhered to. Unfortunately, the methods of obtaining
satisfactory levels of noise reduction and ventilation conflict.
Therefore there must be a point of compromise between these
two functions.
Extensive research has been carried out into the shielding
of external noise provided by buildings (1]-[4]. While the
need for ventilation is acknowledged, a method of ventilation
and the noise characteristics associated with it has not been
included in the research. Similarly, many references
concerning heating, ventilation and air conditioning systems
(including fan engineering) concentrate on the resulting
sound levels in enclosures due to ventilation fans or devices
performing the ventilation process, without taking into
account other external noise sources (such as road traffic)
affecting the enclosure being ventilated [5]-[9]. An important
combination of these two functions involves a design process
that optimises the size of an opening in abuilding to satisfy
ventilation requirements while attenuating external noise
from road traffic and noise generated by the particular
ventilating device. This paper outlines the development of
such a design process. Two case studies are presented to
demonstrate the process.

2. THE DESIGN PROCESS
A design process has been developed that optimises the size
of an opening in abuilding for ventilation while estimating
the attenuation of external traffic noise and ventilation fan
noise level inside the building. To provide ventilation, a fan
with associated duct work is fitted to the opening in the

building facade containing a window. Therefore the
optimisation of the opening size is used to determine the
necessary fan characteristics which best suits the opening. A
spreadsheet program was used to provide a range of opening
sizes in the wall for ventilation so as to obtain an optimum
hole size.
Initial Conditions
Some initial conditions had to be established to begin the
design process. Although particular conditions have been
chosen, these could be set at any reasonable values according
to the desired environment. This allows a sensitivity analysis
of the results of the design process to be carried out.
The dimensions of the room to be ventilated were set to be
similar in size to a normal bedroom, measuring 3x5x2.4 m
high. These dimensions were used by Lawrence and Burgess
[2] for a bedroom in an experimental building used to
measure the reduction of traffic noise by facades containing
windows. The facade exposed to traffic noise measured 5x2.4
mhigh. The design process was developed to allow a road
trafficnoisespectrurn in octave bands from 63 Hz to 8 kHz to
be used as the source of external noise. Typical values were
taken from a relevant reference (10]. The ventilation rate of
the room was required. Appropriate ventilation requirements
were taken from Australian Standard ASI668 Part 2-1980
[II]. Different ventilation rates could be chosen according to
the class of occupancy involved. The option was made for an
inlet duct to attenuate fan and traffic noise entering the
building through the ventilation opening (assuming that the
air intake was on the noisy side of the building and the
exhaust on the quiet side). The length of duct, number of
bends and type of duct lining could be chosen as required.
Calculations could be carried out without an inlet duct
attached. The duct was asswned to be on the inside of the
building and that no duct breakout occurred into the room.

Appropriate values for the absorption coefficient of the duct
lining in octave bands from 125 Hz to 4 kHz were taken from
a relevant reference [5]. The transmission loss characteristics
of the walls of the building were chosen to correspond to
single leaf brick masonry walls and the windows were chosen
to be double glazed with an area of 10% of the total wall area
[12].
Fan Selection
To select a suitable fan, the fan pressure needed to circulate
the required flow Q had to be determined. The total pressure
drop of the inlet duct system is estimated in a similar manner
to that adopted in common fan engineering references [5],[6]
[S], [9] i.e. the total pressure drop is obtained by adding
together the elements of total pressure drop around the system
including:
• Losses at entry to the inlet duct from atmosphere
• Losses due to friction along the duct length
• Losses at bends
• Losses at discharge from the system to atmosphere
The total pressure drop due to air flowing into and out of the
room is calculated using the equation:
MTOTAL =
where
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Estimates of the attenuation provided by lined bends were
very difficult to find in relevant references. The data that were
found are difficult to compare because many different
measurements techniques are used and the fact that there is no
consistent nomenclature for the noise reduction provided by
bends. Field measurements indicate that the attenuation due to
a 90· bend in the duct work would be 10 dB higher than that
for the same length oflined duct [13]. This is valid provided
the lining extends at least two diameters of the duct each side
of the bend. Therefore the total attenuation provided by a
lined duct of diameter D metres with n 90· metre bends can
be calculated using the following equation:

This pressure is the fan pressure needed to circulate the
required flow Q. Normally there would be further resistance
due to airflow through the interior of the rest of the building
(as the room would be joined to other rooms). It has been
assumed, however, that the air flowing out of the room flows
to the surrounding atmosphere. Since the average velocity of
air through the ventilation opening is inversely proportional to
the area of the opening, the total fan pressure required to
circulate the flow decreased rapidly at a rate of II A' as the
area of the opening A increased.
Obviously the most reliable method of determining the
sound power level ofa particular fan would be to obtain sound
power levels in each octave frequency band from a fan
manufacturer. In this design stage of the ventilation system,
however, only the required duty has been established. The
type of fan to be used has not been decided upon. Therefore
an empirical formula must be used to estimate the likely
sound power level that will be produced. An approximate idea
of the sound power level of the chosen fan was gained from
the following equation [7]:

[dB]

(2)

There are correction factors for different fan types in
different frequency octave bands. These have been

»
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(m),Kentry=coefficientaccountingforlosses at entry of inlet
duct [6], K bends = coefficient accounting for losses atthe
bends of inlet duct [6], L wall = wall thickness, n = number of
bends, K exit = coefficient accounting for losses at discharge to
atmosphere [6] and p= air density (kg/m'),
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Attenuation of Noise Provided by Lined Inlet Duct
The level of attenuation provided by the inlet duct is a
function of the absorption coefficient of the duct lining. Fora
straight length of duct L metres, variations of Sabine's
equation have been used to provide reasonable estimates.

Total attenuation
[Pal

L= length of inlet duct (m), D= diameter of duct to fit opening

t.; = 1010gQ+2010g6Ptolu{ +37

incorporated into the design process to illustrate the
difference in optimum opening size according to fan type [7].
The application of these correction factors allows the sound
power level ofafan, for a particular ventilation opening size,
to be calculated in octave bands.

wheren =nurnber of bends and
duct lining.

a

(3)

= absorption coefficient of

The absorption coefficient is a function of frequency.
Typical values in octave frequency bands were taken from a
relevant reference [5] to obtain the total attenuation provided
by the inlet duct.
Equivalent Transmission Loss of Wall with Inlet Duct
Attached
The transmission loss ofa wall with a window and an opening
for ventilation with an inlet duct attached was calculated in
two stages. Firstly, the equivalent transmission loss of the
building facade with a hole and window in it, calculated in
octave bands, was determined as an overall area-weighted
average of the wall, window and duct cross sections. For this
calculation, equation (4) was used.
Obviously as the percentage open area increased, the
equivalent transmission loss of the wall, window and hole
decreased. The area of the hole dictated the level of
transmission loss provided by the composite combination.
The equivalent transmission loss with the inlet duct attached
was then calculated using an equation similar to equation (4).
The equivalent transmission loss decreased in a similar
fashion, but at a slower rate, however, than that fora wall with
only a hole it since the inlet duct has the ability to attenuate
noise.
TLeq =-lOlog(Awall't'wali + Alwle't'hole
+ Awindow't'window) I Alolal
[dB]
't'wall=It waU/li
't'lwle=/r hole/Ii
't'window= It window I Ii

(4)

where

Acoustics Australia

Thc tams J.. and J.. arethelralllll\ itted and incide nI Wlllld
inlen silin reipeCtivc ly
NolM'E nttri ncRoom
The noise entering the room will be I com binl tion orran Il/Id
n ffic noise tbal hu b«n ll tenualed by ltlehned inlel duCl
Illdbuilding fac.de.
The sound pn:s1Ull:kve l of tnffic llOise enlerin g ce room
is detcnnincdbysub\nll.:tingthc'equiYlllenlU'lnllnissiOll.Ioss
in c:ach ~ band (:l.kullled ill lhe equation llirni lar lO

IClflWItioa (..). from the tnffic naiw IIpC'CtJUm in ocuvc bmdlo
sctintheinilialconditiom.SincetbclllcnlMtionprovidedby
the compos ite buildillg fl(:l.Cfedca'eued as ee Ilea of the
openi ngforvenlill tion incn:aM'd,!he levelof tnffic noise
enterin g the:room iocl'CUCdas tbc IJU of Ymtilation ope nins
incn:ued. The tnff lC noiK m lainS the room. howeYer._
iarFly low 10 mid-~ POise (A·_ ip led). The noise
kvcls in the 250 Hz 10 I kHz ocuvc bands .. ere the <mly
signifl<:anl torWribWon 10 !he O'owall lnffie noDe Ic\d in !be
room. Henc e !he coalributioo of the IBffie noise in !he room
10 the ""nall sound level ill the room is only sipiflCl.lll for
lalllevcntibtion opmin, s in the building facade because of
the \oloo<ereq uivalm l tnmmiuion loss ~ by !he _ II.
.. ~ bole and Wei dua II luJer~tibOOa openins

......

In addi tioa lo thc fAllnoiM' bein, I !teDWlled by lbe lined
inldd\.lct,endrdlcetioaOCCW1l1themdof lhcduct run.

..,ku the dlICI diameter is very larJe (compared 10 the
..-aveICIIg!h of 1OIIIId). The maximum end re liectioo OCC\ITIII
Iow frequencyas lhe ......vclengthi,lrelllclteom~with
thc:sizcof lhcopmi ng. Equalion {5) ..... usedlOcaIculllle lhe
end reflection. lou dependi nl on frtqllel'lC)' and diamclcr o f
lbedua: beinillUedlgJ;

<1L ",IO IO+ +(~r-U]

(d B)

(5)

where Co i~ lhe speed of soWldin l it (J«m1s),f is the octave
band frequency and D is the diameter oft he' duct
The sound p<J'W'Cf level of the fan eilierin, !he roDIJl in dB will
therefore be:

t...__ .. t...t- - Qltr",..,t;lHf

by illirt du el

(6)

D"d.irectivity offan,
S - stufacc

Ilea

a

-l\-erageruomabsorptioneoetficient.
of room (m'). ~ .. disWlCe from duet u it to

room eeeee (m).

Thc so und pn:SI\IJ'Clevel of the fan in the centre of the
room dccrclilcd as Ihe size o f the venti li lion ope ning
iecreased in a similar fuh ion 10 the IOIUId powe r level eieee
all the terms ineql&lliOft(7). ex.ccpl ee fan sound ptJ'o"Ukvcl

L,.,. - are

WlISWttl.

u..~lla RoolII
The lOtallOUDd prasure level in the room «lUld thcll be

Total So u. d f'ttuurt

detenninedby aMi ng l/le coa triblltiona DUlde by the tralrw:
noise enterin g the room and the noiM' from lhe fan mkring
lhc room .'The overa UsoUDd pn:S5lI1e levc10 f lhe traffic noise
ia the room \loU detcnnincd by addinglbc:cquiva lcnll'luam:!
~oflhelrlffICDOiseiJllbcciJhtoctavcbu>dsand

then couvmirtil Nc k 101 IOtalIOUDd ~urc level. Simi1ariy,
!be 1qllln:d~oflhc faDDOiseinthcroomwere

eombincdandCOflV'Cl'ted to.1OtIl soundprnaurc level. The
uvemllOUlldpraSl&rC 1evd intbe room due 10 llIc fan and
lrlffi c COIIld tbCll be calculatcd using I li milll' technique
Thefaetlbalthc sound prnsun:level of tnfflC notM'in the
room increases as the sin-oftbe venti lation opminC increasn
andtbe fact lhal lhc IIOIIIldprnsun: lew l of w fan in lhc
room Qecreucs as thc size o f tbe venlilalioll opmir.il
iJIaeases indialn thai there wiD be 1 partlCII1ar ventilation
opcnins size .. 'bent the IOlaI sound le\~1 in the room due 10
theK r.o.o extemal notM' souren il . mini mum .

3. CASE ST UDI ES
\ 'aria lio ll . fF.. Type
Tbe CClt'KCIiOll facton for ditfen:nt fill types ~
mentionedindiCltCIMt the noise Ic\d in the room and hence

lhe oplimwn ventilatiot1 opcn in, size is l~dy in n llUlCed by

the type of fan usedfee \'Cntilation . Fig\IJ'C I sbowslhetola!
IOOlId prellUre level in the room as a functio n ofpcn:cnlllgc
open area (corre spond ing to the size of the ope ning for
vmt ilation ) for differenl types of fans . 'The di fferent fan I)'pcl
~idered wet'C flll'WMd curvcd CCIIlrifugaLbac k\loardcurvcd

centrifugal ,radial" u ial and prope llcrfanl .

- r nd rtfl r etiott

where the att enuation by the inlet dUClin each oclllvcband is
Cllcu l. ted from equation (l ) and the end reflection loss in
eactl octave band for a par ncular c uct area i. calculated in
equation (~).
The sound power level of the fan in the centre of the room
il co nverted to an equivalenl IOWld presl\IJ'Cleve l usin, the
slandar dequalion for i point source localed in !he cen tre of
the wall, asl uming the fan noise rad iates hem ilp hericill y on a
l ingle reflectin g surface. Th e average . bsorpt ion of the
interior of the room wu .l . o lllken into acco unt

Ll' /QIo - t...
...here L...

_ +IO loC

fl)O ItI

.(I-all

D
:-=r + ~
( 2 lfr
Sa

-

fAIl

L,., clkulllC'd in equa tion

(7)

Flg.l TOlalso..nd prul..... lew l in _
ptl"€,nlageOfH!na,.,a[M...,IIma,lon

Forward eurved &rid bac kward

(diffr...m fan ryprl; ...

tlll"Ved

cen trifug al fan

l)1X5 were the quietell wbile the rWial type WlIl the noil iell
(6) .

for the same:volume flow and fAIlpl cu ut'C. Con'CIpondmil ly,
Vol 23 No. 1 _ 7

the optimum ventilation opening size for forward curved and
backward curved centrifugal fans is smaller, allowing a more
compact size for a given duty than other fan types. The
smaller ventilation opening size also increases the effective
transmission loss of the building facade to the external traffic
noise. Therefore the type of fan used will also affect the
amount of traffic noise entering the room in addition to the
amount of fan noise entering the room. From Figure I,the
optimum ventilation opening size for the quietest fans
- (forward and backward curved centrifugal) were
approximately 1% of the total facade area exposed to external
noise and 1.6% for the noisiest fan (propeller). From the
nature of the curve for areas greater than the optimum
percentage area, it is reasonable to expect that any opening
size between I and 4% of the total wall area could be
considered for ventilation purposes.
Variation of Traffic Noise Characteristics
The design process required that the traffic noise spectrum be
set in the initial conditions. The typical spectrum chosen [10]
characterised urban flow traffic (below 60 krn!h) directly
outside the building facade, which is dominated by the large
amount of acoustic energy concentrated in the 63 Hz and 125
Hz octave bands (due to exhaust noise generated by heavy
diesel commercial vehicles). Obviously this type of traffic
noise will not always be present. For traffic flowing at steady
speed (greater than 80 krn!h) the spectrum contains energy
concentratedathigherfrequenciesduemainlytotyre/road
interaction noise (not present at low speeds) and mechanical
noise from power train components. The nature of the noise
will also vary with distance from the building facade. Hence
it is necessary to investigate the effect of different traffic
noise characteristics on the optimum ventilation opening size
in the building facade exposed to the traffic noise.

Fig. 2 Total sound pressure level in room (different types
a/traffic noise) vs percentage open area/or ventilation.

A traffic noise spectrum with acoustic energy
concentrated in the low frequency bands was used to simulate
suburban traffic. Likewise, a spectrum with energy
concentrated in the high frequency bands was used to
simulate freely flowing traffic. To allow a comparison to be
made between the two forms of traffic, the dB(A) values of
the two spectra were kept equal Figure 2 shows the total
sound pressure level in the room for various ventilation
opening sizes predicted using the design process. The
optimum ventilation opening size for the suburban traffic
noise was 1.0% of the total wall area and was 1.5% for the
freely flowing traffic (both points are shown on Figure 2).
This indicates that a larger opening size can be used for the

freely flowing traffic because the building facade and
attenuating duct are able to attenuate the high-frequency noise
more effectively than the low-frequency dominant suburban
traffic noise. The difference in attenuation of the two types of
traffic flow can be seen by the distance between the two
curves (the ventilation opening sizes where the two curves
overlap is the region where the fan noise is dominant).

4. CONCLUSIONS AND DISCUSSION
From this work it is concluded that the optimum size fan for
a ventilation opening, when there is a fan and a short length
of lined duct, is about 1-1.5% of the total wall area. This
compares to about 5-10% of open able area when natural
ventilation is utilised. The difference in noise level inside a
building, with brick veneer construction, facing a road will be
approximately 17dB(A).
If only a fan is used (without a lined duct),the optirnum
opening area for minimal sound level will be 0.75% with a
soundlevelreductionof9.2dB(A)overthecaseforl0%of
the facade open for natural ventilation. Compared to the
reduction due to a barrier this is significant.
The work described forms part of a project to reduce noise
entering building ventilation openings. Future work will be
concerned with developing alternative methods such as
'intelligent'openings,noisecancellationandsystemswhere
there is a road barrier between the inside and outside of the
building.

REFERENCES
1. Lawrence, A. "Measurement of Traffic Noise Shielding
Providedby Buildings"Applied Acoustics 13, 211-225(1980).
2. Lawrence,A. and Burgess,M. "Reduction of Traffic Noise by
Facades Containing Windows" Proc. Aust. Acoust. Soc.
Conference on the Economics of Noise Control, Tanunda,South
Australia(1983).
3. Mizia, U. and Fricke,F. "Putting WindowsWhere They Ought
ToBe" Bulletin Aust. Acoust. Soc. 11(3),105-109(1983).
4. Cook, K.R. "Sound Insulation of Domestic Roofing Systems:
Part I", Applied Acoustics 13, 109-120(1980).
Osborne,WC. Fans, Pergamon,Oxford,(1977).
Daly,B.B. Woods Practical Guide to Fan Engineering, Woods,
Colchester(1988).
7. Fry, A. (Ed.) Noise Control in Industry, (Sound Research
LaboratoriesLimited),Pergamon,Oxford(1991).
8. Sheet Metal and Air Conditioning Contractors' National
AssociationInc. HI'llC Systems-Duct Design, Vienna,Va(1990).
9. ASHRAE Handbook-Applications, AmericanSocietyof Heating
Refrigerating and Air Conditioning Engineers.X'hapter 42
Soundand VibrationControl,New York(1991).
10.Nelson,P.M.Transportation Noise Reference Book, Butterworth,
London(1987).
11. AustralianStandard1668Part 2-1980, VentilationRequirements,
(1980)p9.
12.Bies,D.A.and Hansen,C.H. Engineering Noise Control, Unwin
Hyman,London,(1988).
13. Beranek, L.L. (Ed.) Noise and Vibration Control, Institute of
NoiseControlEngineering,Washington(1988).

ACKNOWLEDGMENTS
This work has been supported partly by a research grant from the
New South Wales Roads and Traffic Authority and partly by an
AustralianPostgraduateResearchAward.

