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PERFORMANCE OF PANEL ABSORBER USED FOR DUCT NOISE
REDUCTION AT LOW FREQUENCY
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I. INTRODUCTION

Low fiequarcy noise breakout through duct walls of the ventilatim system is a serious
problem, This experiment '5 to investigate and analyze the noise redueu'on due to panel

absorber by changing the parameters, such as face sheet thickness, fibre-glass thickness
and cavity depth,for the sound absorption used induct and breakout noise reduction at
low fiequmey. Reorartly, Guthriem and Cumminyfl] have bear carried out on the sound

transmissim throng] rectangular dun wall at low frequarcy, The panel absorber can be
used to reduce both iii-duct noise and breakout noise in n vuttilntinn duet due to the
energy loss caused bythe intemnl vibration ofthe face sheet, The range ofefieaive sound
absorption fiequrarcy band can be widened by selecting the thickness of face shes,
abserptim material inside the cavity and drang'ng the lateral The panel
absorber is «asidered as a coupled medianical—aoounical system. It is found that the new

desiyi ofduet with panel absorber is more efienive than conventional fiberglass blanket.

2. EXPERIMENTAL METHOD

Tests were carried out bawear twu reverberant rooms. The sound transmission loss
(STL)measurerna1ts were made. The rooms are isolated from each other and a 1.8m long

square dud opering of nominal dimmsions of 0.33m x 0.33m is the only means of
transferring airborne sound betweai the two rooins. The flanking transmiiur was
reduced by a massive meme block, An “nnechoic” tennination was incorporated to

redueethemayritudeofreflectedaeausticandstmetumlwaves. Not onlyitis aetedaaan
efiective acouflie absorber but also damped the wall vibrations progressively. The
construction was shown in Fig. l. Sound generating equipment for rneasurmrmts
included a Bruel & Kjaer random noise generator type 1027, oonneaed via a power
amplifier to loudspeaker placed in the corner of the source room. Random sound field
was produced inside the scum room, Sound measuring equipment comprised two half-
innh nucrophoue type 4155. the output ofwhich was fed to a 3&K digital frequency
analyzer type 2144. The rnicrophnne inside the duct was used to measure the internal in-
duct sound pressure level along the cutter axis, and the breakout sound pressurelevel was .
measured with use of the external microphone.
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J. EXPERDVIENTAL RESULTS

To compare noise breakout through the dud wall for difi'ermt panel absorbers with

differait omfigtuations. a total of nine specimais were built and lured in a vaitilation

duct. They were mistruuad of single layer flaw shed and fiberglass, or fiberglass and air

gap. The daail pannlams and section of the duct were giver in Table l and Fig. l

respedively.
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lit-Duct Nails Charncuristics
Fig. 2 shows some typical axial sound pressure patterns measured inside the duct. At low

fiequmcy of lOOHz. the standing wave ratio ofG.S(0.3,30,70)is only 3:13, The reason of

using 100 Hz is that it is the first acoustic resonances, however, it is rather difficult to

mute in praaiw. Ccmparillg to the omvanional duct, G.S(0.3,30,70) has a MB in-

dua noise rumination at the end ofthe duct.
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Conventiun-l Galvanized Steel Square Duct

Fly. 3: sTLotconvemiomI duct The mmfiml square 05- duct is
investigated without panel absorber to

generate a base STL'curve for further

nompariscns. A typical STL curve of

due! syflem is shown in Figure 3 and

the dip observed at 98.2Hz is caused

by the axial amnical resonanws
inside: the cmvmtional duct. Below

100m. it is the stifliiess curtrolled

reg'm, die STL is relatively high. The

so u nmrzrmmmmmm reason for the other dip at .250Hz is

“mumm” idmtified by the acoustics resonances.
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Panel Absorber

Flg. A: STL with panel absorber   
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The result of convmtimal dud with panel absorber is plotted in Fig 4 togaher with the

results ofthe convaltional G.S. dud, it showed an improvemmt efi‘edivmess ofthe panel
absorber on the STL of the conventional G.S, dud over the whole fi'oquancy above
IOOHz. Below the fimdamaital manna frequency, the wall impedance: capacn've, and
is “fiifihess controlled". G.S.(0.1,30,70) panel absorber laid to provide exeelluit sound

absorptim at low frequency. It bring in an increment of 1-3 dB for noise reduction at the
region of ioo-zoon, that is more interesting for as:qu noise reduction application. As
expected, the resonance fi'equaicies of the duct are afi'eaed by the presame of panel
absorber. The 70mm air-gap baweai the 30mm fibreglass and the duct wall, provide low
fiequaicy sound absorption. The mechanism of sound absorption is the resonant mass-
spring bdiavior of the system which dissipates sound ergy. The primary efi‘ea of
fibreglass on the STL is the reduaion in the amplitude of lateral standing waves in the
cavity, thereby improving the STL above minor dip fieqimcy.
Cavity Depth

' Fig. 5 indicates the typical efiea ofthe
“9'5" sum “"‘V “9‘” absorptive material with difierun cavity

depth in a 6.5. face sheu. The transmission
E“ loss ofG.S (0.3mm is hater than am of
l “ G.S(0.3,60,40) “Wt IOOHZ 3 Zoom-
" SOOHZ.m loon-ZOOHZ. the greater

I cavitydepthwillincreaseTLwhiehisagree
__ u to the properties of panel absorber. The

 

panel-ctmmlled resonance of the OS. face
an as an m m mmmm no son sites is 98.6Hz(i.e. 111.3». however, themun-mom”

maximum sound absorption is adiieved at the resonances frequency of the 0.5 panel
absorber is calculated as 152Hz which is the features of panel absorber functicmally at
this fiequmey, as the air gap increase, the reduction improvenam of sandwich duct
construction can be achieved.
Flee Sheet

Fly. 6: STL with dlfletent thickness of 6.8. tacos  
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Fig. 6 illustrates the transmission loss for using 0.1mm OS. face sheet is higher than that

of 0.3mm OS. face sheet at low frequency except 98.6 Hz due to the panel-omtrolled

resonance fiequmcy ofthe G.S. Shea. (i.e. Kl,3)=98.6Hz) where the fiberglass width and

the cavity depth were kept wustmt. Afier the waitress-controlled frequency range, the

smaller the diiclmess of 65.3% Shea, the higher is the transmissim loss at low

frequency.
Thickness of fibreglass

   Fig. 7:STL with diflerent fibreglass thlcknosa
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Fig. 7 also indicates that difierait fiberglass thickness with difierent cavity depth at the

same total space, G.S(0.3,30.2S) behaves the best acoustic performance betweut 0-

lOOHz. Dawes: 200-500Hz. G.S(0.3,60,0) attain the higllen transmissitm loss. Between

lOO-ZOOHJ, the G.S[03,30,70) was better than die other two, it shows that the 30mm

fibreglass with 70mm cavity depth at 03an GS. face sheet was the best configuration

ofthe panel absorber in this low frequency range.

4. SUMMARY

This paper is in an attempt to illustrate die typical trends of panel absorbers in noise
reduaion. Key findings include:
- Low fiequuicy sound transmission throng: finite dun depends not only upon the

geomaric and physical parameter charaaenstic of panel itself, but also upon the

sound field. especially the acoustic resonant modes, inside the cavity. Panel

absorber bdiaves its maximum absorption in a narrow frequency range (Le. 100-
MHz).

I In lOO-ZOOl-lz, there are some improvemmts in acoustic performance by using
30mm fibreglass with 70mm air-gap in 0.3mm GS fiioe sheets, especially the
reduaim in cavity resonance but there is no significant improvement by inereasing
the thickness of fiberglass filled in betweui fine sheet and duct wall.

I Air-gap eximd in bawoen the fiberglass layer and duct wall increases significantly
the sound absorption in a narrow-hand frequency range (Lo. between the cavity-
contmllod mode and panel-commlled mode). lnereasing the cavity depth will
increase the STL at low frequency range after aeounie resonances. It is indicated
that simultaneous optimimion of the acoustic insulatim is possible by an
appropriate choice of fibreglass and facesheet thickness.

5. REFERENCES
[l] A,Guthrie 1979 MSc Dissenatim, Polytechnic of the South Bank, Low frequency

acoustic transmission throng: the walls of various types ofduds.
[2] A. Cumminos. J. of Sound and Vibraticlt 174. 433-450 (I994).

1010 Prooeedlngs at lntemolso 96


