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NOISE CONTROL FOR A BETTER ENVIRONMENT
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ABSTRACT
A general splitter silencer has mainly noise reduain performance in middle
frequency range. Thus, the noise reduction in lowmréquency range is not enough,
even if the silencer has long length. On the othdrand, some large fan in a power
plant has peak sound power level in low frequencyange according to the number
of the blades and the rotating speed.
We studied low frequency noise reduction of a sptér silencer embedded
resonator units by controlling the hole diameter ad the pitch of the resonator, air
space behind and the resonator position in the sileer.
As the results of 800mm length resonator unit, thenaximum noise reduction of
15.2 dB at 160 Hz was achieved by controlling thg@scification of perforated plates.
And we applied it to an actual silencer and confirned the performance.

Keywords: Silencer, Plant Noise, Resonator

I-INCE Classification of Subject Number: 34

1. INTRODUCTION

Important functions of a silencer are noise reduntipressure loss, self-
generated noise. A splitter type silencer has malihé noise reduction in the mid
frequency range. For this reason, special silenigréow frequency ranges are often
added in power plants, for noise reduction treatnoérblowers of plants with noise
power levels in the low frequency ranges. In suctase, the structure of silencers
becomes complicated, pressure loss increases, éirgeserated noise also tends to
increase. In this paper, we have studied about ‘{i&site silencers embedded resonator
units in a part of splitter” (hereafter, “ComposBglitter Silencer”), having a simple
structure and adding noise reduction in the lowudency range. Also, as this silencer
was applied to an actual power plant, we investigjée effect.
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2. HOW TO ENBED RESONATORS TO SPLITTER SILENCER
As shown in Figure 1, a general splitter silencas the specification that fills a

sound absorption material in a structure compod$ex foame and protects the surface
with a glass cloth and perforated plates. The s@bwbrbing material and the surface
protective material in the part of the frame amaaeed, the partition plate is installed in
the center position, and designed the resonatteplaving the hole with the resonance
frequency calculated on both sides of the surfaeeattached, instead of perforated
plates. The continuous resonators are constitugeithdo frame, the partition plate, and
the resonator plate. In this paper, the silencén wisplitter thickness of 300 mm and a
“Gas-flow Passage” between splitters of 280 mntudied.
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Figure 1 Outline of Composite Splitter Silencer
3. STUDY OF RESONATOR SPECICATION

3.1 Resonance frequency

The resonance frequency of the resonator unitlisilcaed by Equation ¥ A
test specimen of a resonator unit having the wadtG80 mm, the height of 2000 mm,
and the length of 1200 mm shown in Figure 2 wasidated. The holes were basically
10 mm in diameter and the pitch was 50 mm x 50 thenfest conditions were that the
hole was 100% open, 75% open, 50% open. As showralole 1, the theoretically
calculated values are 257 Hz at 100% openingsH228t 75% openings and 182 Hz at
50% openings. A sound source box with a loud-speaks connected to the inlet side
of the silencer, and an elongated duct was conaéotéhe outlet side. 1/3 octave band
sound pressure levels of 3 points on each of thet Brea and the outlet area was
measured, and the average values of differenceeeeatiwlet and outlet were taken as
the noise reduction level. The measurement resuéisshown in Figure 2. The peak
frequency was 315 Hz band at 100% openings, bet@&@rHz band and 315 Hz band
at 75% openings, and 250 Hz band at 50% openings. Measured resonance
frequencies were 20 to 35% larger than the thezaietalues. This is presumably due to
that the shape of the cavity constituting the rasamis flat and that the resonators face
each other in a narrow space.



Table 1 Calculation results of resonance frequesfdyne resonator units

Description Hole Dia.10mm, Pitch 50 x 50mm
P 100% | 75% | 50% | 25% | fp=-C |50 o
Behind Air Space [m]  al: 0.15 ’ 27 V(t+£r‘) <
Wide of Gas Way [m] a2: 0.28 2
Height [m] b: 1.00
Effective Length [m] L: 1.20 31/ a2 af
Tichness of Perforated i 0.0016 L
Sheet [m] 0 0
Radios of Holes [m] r: 0.0050 OO OO
Area of each Hole [m] S 7.85398E-05 OO Oo n
Number of Holes [pcs]  n:| 960 | 720 | 480 | 240 OOO OOO
Opening Ratio [%] p:| 3.14% | 2.36% | 1.57% | 0.79% b OOO O’OO
Templeture [°C] T: 20.0 OAOI onO
Volume of Behind Air v 0.360 1o~
Space [m3]
Sound Velocity [m/S] c: 343.7
Resonance fo:| 257 | 223 | 182 | 129
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Figure 2 Measurement results of resonance frequandythe reduction level of the
resonator units by hole opening ratio

3.2 Length of resonator unit and noise reduction heel
In order to investigate the relationship between léngth of the resonator unit
and the noise reduction level, a resonator un.®fm length as shown in Figure 3 was



prepared. And the noise reduction level by theadist from the inlet of resonator unit
was measured. The holes in the resonator unitG@dpenings.

This resonator unit has main noise reduction in20@ Hz band and the 250 Hz
band, and the noise reduction level increases almgsoportion to the length up to 2.7
m.
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Figure 3 Measurement results of resonance frequandythe reduction level of the
resonator units by hole opening ratio

3.3 Influence of resonator unit height

In order to investigate the influence of the heighthe resonator unit on the
performance of the resonator, resonator units Wweights of 1.2 m, 1.5 m, and 2 m
shown in Figure 4 were prepared. And noise redaodBweel of each resonator unit was
measured. The holes in the resonator are 50% agenin

The hole opening ratio and the length of the remwnanit was the same for the
three specimens, and both the peak frequency anddbnd reduction amount were
expected to be equal in the three specimens. Howévere was difference of 1/3
octave at the peak frequency, and also differeficeaximum 3 dB of noise reduction
level. The reason is unknown, and it seems thastilndy to ensure stable performance
IS necessary in the future.

3.4 Performance of composite splitter silencer”

The interaction with the sound absorber part whiee tesonator unit is
embedded to the splitter silencer, was studiedhAdesting method, resonator units are
connected to the sound source side (inlet sidadetoside, and both sides of a splitter
silencer, as shown in Figure 5. And the value asmance efficiency of this "Composite
Splitter Silencer" was obtained by subtractingribese reduction of the splitter silencer.
By this method the resonance efficiency in " ConeoSplitter Silencer " was obtained.



The resonance efficiency is compared with the nogskiction of the resonator unit
alone. The hole of the resonator unit was testé W0% opening.

Figure 6 shows the comparison results. In casestting the resonator to the
inlet side, the resonance efficiency was 4.5 dBO(5x band) and greatly reduced
comparing to the noise reduction level 10.7 dB (Bi5band) of the resonator unit
alone, and the peak frequency shifted to the highuency range. In case of setting the
resonator to the outlet side, the resonance afiiigias 10.9 dB (250 Hz band) and
almost equal to the noise reduction level of treonator unit alone, but the frequency
shifted to low frequency range. In case of settihg resonator to both sides, the
resonance efficiency is 13.5 dB (250 Hz band) asekrby about 3 dB compared with
the noise reduction level of the resonator unihejalso the peak frequency shifts to the
low frequency range. However, in the band expetddik effective in the resonator part,
it was possible to obtain an effect greater thannbise reduction level in the resonator
alone. From these results it seems that stablenpeshce will be ensured by installing
on both sides even if the length is shortened.
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Case of setting the resonator to the inlet side
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Figure 6 Resonance Efficiency of “Composite Splii#encer”




4. PERFORMANCE OF RESONATOR UNIT IN OPTIMIZED DESI GN

Based on the results of above studies, the spatitfic of the resonator unit to be

embedded to “Composite Splitter Silencer" was datid
1) Hole size and pitch: diameter 10 mm, pitch 108 m100 mm for the target of

160 Hz and 200 Hz bands,

2) The length 800 mm in order that the resonatmgsrestalled on both sides of the
silencer,
3) The height 1500 mm to ensure maintainability.

Based on the above specifications, the resonatbrshown in Figure 7 was
fabricated. And noise reduction level was measufadthe measurement result, noise
reduction level 15.8 dB was obtained in the 160bidnd, so we decided to embed the
resonator unit of this specification into the "Carajpe Splitter Silencer".
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Figure 7 Performance of resonator unit in optimizkxsign

5. THE APPLICATION TO THE ACTUAL POWER PLANT

This “Resonator type Silencer” was applied to nosguction treatment for a
blower in the exhaust gas duct of an actual poventpAs shown in Figure 8, the
exhaust duct has a cross section with a width 604m and a height of 6700 mm and
has a silencer installation space of 5000 mm igtlenA blower having a blade pass
frequency of 180 Hz is installed in the exhausttdand the exhaust gas temperature in
operation is 100 degrees Celsius. For this reagergesigned “Resonator type Silencer”
with a resonance frequency in the 160 Hz band@nhrtemperature. The design target
is 18 dB in the 180 Hz band and the sound redudtsodB or more in over-all.

The splitter had a resonator part of 800 mm intlermgy both sides, an absorber
part of 1800 mm in length at the center, and amase part of 300 mm at both ends,
and the total length was 4000 mm. The Compositét&pSilencer consists of 2 types
of total 20 modules. One has a width of 1770 mimeight of 1650 mm and a length of
4000 mm, with 3 gas-flow passages. The other hasdth of 1180 mm, a height of
1650 mm and a length of 4000 mm, with 2 gas-flosspges.

Figure 8 shows the speaker test result per 1 madudefactory and the speaker
test results of 2 silencers installed in the acsisd. The noise reduction frequency
characteristics at the factory has a peak redudtiesl of 21.1 dB in the 160 Hz band
and reduction level of around 20 dB in the middégtiency ranges. Although the noise
reduction frequency characteristic of the two sis in the site was a little lower than



the value at the factory test as a whole, the pediction level of 19.8 dB and 19.3 dB
in the 160 Hz band and 15 to 20 dB in the middégdiency ranges was obtained. Then,
the design target was achieved.
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Figure 8 The Application Results to the Actual PoRiant

6. CONCLUSIONS

The effectiveness of “Composite Splitter Silenceould be confirmed by the
examination for the test samples and the applicatothe actual power plant. In the
future, we would like to study about characterstaf resonance frequency and the
noise reduction, by various parameters of the r@sonincluding numerical analysis.
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