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Introduction

Previous work by the suthor (1,2,3) has shown that low frequency noise
“breakout" from the walls of rectangular ducts may be successfully modelled by
asauming the exisbence of a coupled accustio/etructural wave gystem, in the
fluid contained in the duct and in the duct walls, with uniform acoustio
presoure {luctuations on a duct cross section, In referencea (1) and (3), the
mechanisms of the wave transmiselon and of the external accustic radfation
were examined. In reference (2), the behaviour of extemmal lagging on duct
walle, ag & nolpe control treatment, was studied, and it was concluded that, to
be effective, lagging munt be carefully designed, and that 1t ip anyway an
expensive and inoonvenient means of noise reduction,

The present article pregents an altermative approach to the reduction of
breakout, In typiecal curves of duct wall transmission loss (TL) vergus
frequency, a serles of dips appears; these are associsted with transverss wall
regonances. The dip at the loweet frequency ls caused by the fundamental duct
wall resonance, and below thie, the TL riees at about 9dB per halving of
frequency. In this region the TL is "stiffness controlled". In typlcal air
conditioning ducts, the fundamental frequency (denoted here by £, ) may vary
batween about 5 Hs and 200 Hz, depending on the size and wall maieria‘l of the
duoty usually, f. would be in the range 30 - 100 Hz. Clearly, the gtiffness
controlled regioll would normally be at such low frequencies as to be of 1little
practical significance, and duct wall rescnances - which are the most
troublegome ampect of breakout ~ would oocour in the eritieal freauency region
of 50-300 Hz, where fan noise (for example) is most energetic, and where duct
gllencors are least effective, If, however, one can subeteantially increase the
ratio (g/m) - vhere g and m represent the flexural rigldity and mass per wnit
area, regpectively, of the duct walls - then f, rises to much higher
frequencies, and the reglon of stiffness eontr!il can be utilized, both to
inorease the low frequency TL generally, and to remove low frequency wall
regonances, Thie is the method adopted in the present plece of work,

Theory

The theoretical approach im essentially that reported in references (1) to (3)2
the duct wall response to the Intermal presoure field ip calculated on the
basis of thin plate theory, due regard being taken of boundary conditions at
the duot cormers. Then the external radiation is estimated, on the assumption
that the duot radiates like a line pource of finite length. One finde that,
below f., the TL may be approximnted by a "quasi-ptatlc" expresglon which, for
a squard duct, is: 2.8 :
TL= 40)og[IBOOE 4 /({-dl)ﬂ’clwaas],

where E, h and & are the Young's modulus, thickness and Poiseon's ratio of the
duot walls, fo ia the denslty of the fluid ineide and outaide the duct, ¢, is
the axia! phass ppeed of the wave syatem, w 1g the radian frequency and a ig
the width of the duct. (The TL is defined as the logarithmic ratlo between the
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acoustic power in the duct, and the radiated sound power per unit length of
duct). The &3 factor glves the -94B per octave slope. An equivalent expreselon
exists for rectangular ducts. These formulae are useful for engineering
purposes, since one may easily estimate the TL in the stiffness controlled
reglon.

A feature which 1g not of great concern in the case of ordinary sheot metal
ductwork, but dosa become of more interest in the case of ducte with a high g/m
ratio, 18 that there ip generally more than one way in which the accustio and
struotural waves can couple together (the number of combinations depends on
frequency: below f_, there is only onej between f. and the next duot resonance,
there are twoj bet%een this region and the rollow}ng rescnance, three, and mo
on). These ere distinguished by having differing axial wavemumbers, and also
different diatributions of energy flow between the accuatic wave in the duct and
he structural wave in the walls. In most (though not all) cases, the
predominant energy path ia either acoustic or structural. Acocordingly, one may
label these wave pyatems "A modee™ or "8 wmodes™, respectively. The 5 modes tend
to be relatively "leaky", in that they easily tranemit sound through the duct
wallg, whilst the A wodes tend to transmit much less energy. The mode existing
below f] 18, fortunately, an A mode, and the quasi-static TL formulae apply.
Above [, ostimating the TL is complioated in the oase of stiff walled ductsa.
Both A %nd 8 modes exiet, but only one mode — an 4 mode - tends to be atrongly
excited (though to what extent is diffienlt to asocertain acourately). The nub
of tha matter here would appear to be that, in the case of stiff walled duota,
the TL of the strongly excited A mode is so high that any gmall energy sharing
with an 8 mode ig apt to be very noticeable, whilat with relatively limp walled
docta, the & mode doos not have a very high o1 in the first place, ao that A
mode transmipsion tends to predominate, These arguments, it must be pointed ouly
are baged largely on theoretical conslderstions and have not yet been fully
inveatigated experimentally.

Measuremente and Comparigon with Theory

In order to test the idea of stiffness control of the duct wall TL at low
frequencies, a series of duote waa. constructed, and the TL of each was measured
by injecting an acoustic wava into one end of the dust and measuring the
radieted eound power by the reverberant rcom methed. Anechoio terminationa were
incorporated in all three ducts. The first duct was aonatructed of expanded
polystyrene sheet, 38mm thick, The duct wea 240m square. Although the Young'e
modulus of this material im low, the mpecific gravity la extremely low and the
thickness relatively large. Thus the ag/m ratio was high, and this gave f. as
560 H2, much higher than that for comparable metal ducting. Flgure 1 ahoau the
measured and predioted TL (which are in good agreement), Although tha TL below
f. is modest (because, although g/m was large, g itmelf — which controla the TL

low . ~ wes actually 1ittle higher than that typieal of ordinary sheet metal
duct wall material), the fact that low frequency wall resonances are absent
means that the worst feature of breakout has been eliminated, Figure 2 showa
the TL of a 20%m square 18 gauge eteel duct, for cobpariscn; ons obaerves the
regonance at 175 Hz, which would certalnly cause problems in practice. Expanded
polyatyrene hag obvious practiocal disadventagea (mainly to do with fire
protection requirements) deepite ite low cost and very light weight (1/16th of
that for the equivalent 18 gauge galvanised ateel ductingl), so other materials
were tegted, One suitable duct wall construction involved the use of a
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sandwich material conaisting of two 0.91lmm Alumipnium gheets, resin bonded to a
resinated paper honeycomb core;y the laminate wae 13mm thick., It was little more
than balf the weight of the equivalent steel sheet, and was extremely rigid.
Some problems were encountered with the corner joints (the sheet could not simply
be bent), which could not be made of comparable rigidity to the sheet itaelf,

In the event, the commers behaved as if they were "pin Jointed". Figure 3 shows
predicted resulte (for pin jointed corners) and measurements on a 216mm squars
duct., Although the quantitative agreement leaves something to he desired
(bacanss of other "non~idealities” in the duck's construction), the prineciple ia
geen to work very well, and a very substantial TL iz achieved at low freguencies,
(A further duot was conatructed from a similar sandwich material, 25mm thick.
This gave comparable TL figures; they wore not higher, because some delamination
of the shoet had ocoured - this 1s one of the difficuliies in working with
sandwich materials of this typo).

During the teets, a duot was conptruoted of a sandwich material coneisting of
22 gauge galvaniged eteel facing sheets with a rigid polyetyrene foam core.

This proved disastrously unsatisfactory, since a large dip appeared in the TL
curve at about 350 Hz, almoat certainly caused by a resonance within the wall
material iteelf. The foam was much less rigld than the honeycomb corse, in
compression normal to ite plane, and this tended teo lower the resonance
froeguencies of the sandwich material to a reglon where they could prove trouble-
soma.

Discusaion

Clearly, the stiffness control method for reducing low frequency breskout can be
sucecessfully applied, at least in a laboratory situationj further teate are
needed on ite implementation in practical ventilating duct woerk, or slmilar
oyotemn. OGreat improvements in wall TL can be achieved, and in principle, at
leant, the problsme ssgociated with breakout in noise pensitive areas could be
completely eliminated. The most promising material studied sc far 1e the
honeycomb sandwich, but thie brings with it certain difficulties in duct
congtruction, These, however, are malnly associated with the "one off" methoda
which necessarily were pdopted during the testa. No doubt more efficlent means
of fabrloation can easily be developed. More development work ls also required
on duct wall materials, amd further investigation into the relative roles of A
and 8 modea in determining the net TL of a given duot conflguratlon needs to be
carried out. :
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