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Analytical Study on Performance Evaluation of Large-Sized Silencer using

Geometric Similarity Law
Jun-Hyuk Yangl - Boo-Youn Lee® - Won-Jin Kim¥

£ o HEhE A EE FWE ALFH ARREE 0y &F719] EdAe A wg83 B )zt
o] HES 9ty 24RO T YA AFo] N5HEE /FAAES AT A ok UE 2872
T8 e TR RN T FFAY 25710 9P F4 B tie o] Ao ENE Vs A W
£ sk 183 SIS Fote] 2RI A WS 4 B Vs A S A &ete] 3R
B AeS dSFea, ol& AFEF Y AA e vlaste WROR VA IS AF A

Abstract: In this paper, a geometric similarity law is introduced to the performance test
of a large-sized silencer used in ship engine or plant system. A test of scale-down model
enable to yield the cost and time saving in developing large-sized silencer considerably.
Two types of silencer, resonator and expansion chamber, were analyzed by a theoretical
method and an acoustical FEM(finite element method) in order to obtain geometric
similarity variables. A method is proposed to estimate the transmission loss of
prototype model using the test results of scale-down model. Two actual large-sized
silencer, which consist of resonator and expansion chamber, were analysed by an
acoustical FE analysis. Consequently, the proposed method predicts effectively the
performance of prototype silencers using those of scale-down models.

Key words: Similarity law, Transmission loss, Large-sized silencer, Resonator,
Expansion chamber
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Figure 1: Geometric shape of resonator
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Table 1: Dimensions of original and small-sized
resonator model (unit: mm)
model | in-dia. out-dia. | length | neck dia.
scale (2R)) (2R,) (L) (2a)

1 525 1050 500 65.32
1/4 131.25 262.5 125 16.33
1/8 65.62 131.25 62.5 8.17
1/12 43.75 87.5 41.67 5.44
1/16 32.81 65.63 31.25 4.08
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Figure 2: Transmission loss  of
small-sized resonator models

original  and

Table 2: Geometric parameters
small-sized resonator models

of original and

control TLyn ) ratio of
model : ratio of .
scale freq. | bandwidth freq bandwi
(Hz) (Hz) | dth
1 50 11.52 1 1
1/4 200 46.08 4 4
1/8 400 92.16 8 8
1/12 600 138.25 12 12
1/16 800 184.33 16 16
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Figure 3: Geometric

chamber

Table 3: Dimensions
expansion chamber models (unit: mm)

»

shape of simple expansion

of original

and small-sized

w

N

model in-dia. out-dia. length
scale (2R,) (2R,) (L)
1 525 1050 500
1/4 131.25 262.5 125
1/8 65.63 131.25 62.5
1/12 43.75 87.5 41.67
1/16 32.81 65.625 31.25
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Figure 4: Transmission loss  of
small-sized expansion chamber models

original  and
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Table 4: Geometric parameters of original and
small-sized expansion chamber models

model TLyap ratio of | ratio of
scale | handwidth(Hz) | bandwidth | TL values
1 340 1 1
1/4 1360 4 1
1/8 2720 8 1
1/12 4080 12 1
1/16 5440 16 1
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Figure 5: Procedure of TL evaluation using the
similarity law
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Figure 7: Geometric shape of baffle-type silencer

Table 5: Dimensions of resonator model (unit: mm)

model | in-dia. | out-dia. | length ngck
scale | (2R) | (2R) | (zp | 4
(2a)

1 1050 2100 1000 130.64
1/20 52.5 105 50 6.53

Table 6: Dimensions of expansion chamber model

(unit: mm)
model in-dia. in-dia.
scale (2Ri) (2Ro) length(LQ)
1 1050 2100 1000
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Figure 8: Actual and  predicted  values  of

transmission loss of combined silencer
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Table 7: Dimensions of baffle-type silencer
(unit: mm)

in-dia. length
2R) | L, | L, | L,

in-dia.
(2R)

model

scale

1/4 131.25
525

262.5 125 | 148 | 125
1050 594
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Figure 9: Actual and predicted values of transmission
loss of baffle-type silencer
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