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RESEARCH ARTICLE

Multi-chamber Silencer Composed of
Screw-perforated Tubes and Straight-
perforated Tubes

Tian-Syung Lan a,b, Min-Chie Chiu c,*

a School of Intelligent Engineering, Shaoguan University, Guangdong, 512005, China
b Department of Information Management, Yu Da University of Science and Technology, Miaoli County, 361, Taiwan, ROC
c Department of Mechanical and Materials Engineering, Tatung University, Taiwan, ROC

Abstract

The use of silencers to reduce noise is mandatory due to severe hearing damage caused by high venting noise in the
engine room of ocean-going vessels. While straight and perforated tubes have been used as acoustical elements in
traditional silencer design, studies have shown that the acoustical design still requires improvement. To enhance
acoustical efficiency, the use of multi-chamber mufflers is proposed composed of screw and perforated tubes. Addi-
tionally, a mathematical finite element model built for acoustical simulation using the COMSOL program expedites the
analysis of silencers with complicated acoustical elements. A sensitivity analysis of transmission loss concerning the
geometric factors of two-chamber and three-chamber silencers is conducted to investigate the relationship between
sound transmission loss and silencer shape. The results demonstrate that the multi-chamber silencer with screw tubes
and straight perforated tubes performs well in reducing noise.
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1. Introduction

T he use of acoustical tubes as an element
embedded in silencers is widespread. Perfo-

rated tubes, straight and bent, have been employed
to mitigate venting noise. Rostafinski [1] analyzed
sound attenuation in a bent duct through an
acoustic model. Fuller and Bies [2,3] investigated the
impact of acoustical performance with regards to
ducts of varying section area and shape. Kim and Ih
[4] estimated sound transmission loss of a bent and
expansion chamber using a four-pole transfer ma-
trix method. Yeh et al. [5] discussed the acoustical
effect of a linearly expanded tube. Chiu and Chang
[6] studied optimally shaped cross-flow tubes
embedded in a multiple chamber silencer. Chiu [7]
evaluated the acoustical elimination ability of
reverse-flow ducts installed inside a one-chamber

silencer. Additionally, Chiu [8] explored multiple
parallel perforated plug tubes implanted inside a
two-chamber silencer.
Noise issues are significant in factories on land [9]

and on ships at sea. Due to the loud noises emitted
by marine diesel engines on boats [10], the use of
silencers to reduce venting noise from engines and
protect hearing is mandatory [11]. However, as
mentioned previously, the studies discussed were
limited to low-frequency regions using plane wave
theory. To address the acoustical effect in higher
frequency domains, Fang et al. [12] analyzed the
pressure loss of a muffler using a CFD model. Chiu
developed a system composed of multiple con-
nected tubes using the boundary element method
[13], while Chen and Shi evaluated exhaust muffler
efficiency using CFD [14]. Moreover, there has been
significant progress in the development and
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utilization of sound-absorbing materials for noise
reduction purposes. For instance, Chang et al. [15]
developed a mathematical model for a single-layer
sound absorber, while Chiu [16] presented a math-
ematical model of a single-chamber silencer inter-
nally lined with sound-absorbing wool.
A novel acoustical device with multiple chambers,

screw/perforated tubes, and internal lining with
sound-absorbing wool has been developed to
enhance the sound elimination capabilities. The
device includes four types of silencers: Silencer A, a
two-chamber silencer with a straight-perforated
tube; Silencer B, a two-chamber silencer with a
screw-perforated tube; Silencer C, a three-chamber
silencer with a straight-perforated tube; and
Silencer D, a three-chamber silencer with two
screw-perforated tubes and a straight-perforated
tube. Due to the complexity of the silencers' struc-
tures, the Finite Element Method (FEM) has been
consistently used to analyze the acoustical field. As
such FEM simulations were run on COMSOL to
enable acoustical analysis of the complicated-sha-
ped silencers (Silencer A to Silencer D).

2. Mathematical calculation of the FEM (on
COMSOL)

As shown in Figs. 1 and 2, four types of silencers
have been developed, consisting of multiple cavities
with screw/perforated tubes, straight/perforated
tubes, and internally lined with wool. A solid
boundary was used in the COMSOL model as the
boundary condition for the acoustical field.
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where pt ¼ pþ pb, p is acoustic pressure, and pb is
the background noise. q is a dipole sound source, c
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The Johnson-Champoux-Allard model was
used to simulate the acoustical field of porous ma-
terial, as follows:
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where h is the shearing viscosity, 4 is the wool
porosity, a∞ is the curvature, and s0 is the imped-
ance expressed as
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In addition, Keff (the bulk factor) is
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Both c (viscous character length) and c0 (thermal
character length) yield
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The derivation equation of sound wave propagation
is
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Nomenclature

C sound speed and set as 343 (m/s)
dh the hole's diameter of the perforated tube (m)
Keff bulk factor
pt1, pt2 the upstream acoustic pressure and downstream

acoustic pressure (Pa)
R acoustical flow impedance of sound absorbing

wool (kg/m3.s)
q a dipole sound source and set at zero
TL transmission loss (dB)
tp the thickness of the perforated tube (m)
Zi acoustic impedance (Pa$s/m3)
s perforation ratio for the screw perforated tube and

straight/perforated tube (%)
r air density and set at 1.293 (kg=m3)
a∞ curvature level
h shearing viscosity(¼ 1:84� 10�5kg=ms)
4 porosity of sound absorbing material
s perforation rate of a perforated tube
s0 acoustical flowing impedance
c viscous character length
c0 thermal character length
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where

k2eq¼
	
u
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The Transmission Loss (TL) of silencer is

TL¼10 log
Win

Wout
ð11Þ

3. Model check

An experiment was conducted using a silencer
with a straight perforated tube to validate the ac-
curacy of the FEM model, as shown in Fig. 3. The TL

profile of this silencer was compared with experi-
mental data provided by Jeon et al. [17]. The com-
parison showed that the TL profiles were similar,
with the maximum errors occurring at the peak
ranging from 2 to 5 dB. The accuracy of the COM-
SOL using FEM was deemed acceptable and,
therefore, used in the subsequent analysis. The FEM
model built in this study was considered reliable.

4. Results and discussion

4.1. Results

Four types of silencers were developed with
different combinations of acoustical elements.

Fig. 1. Acoustical mechanisms of silencer A and silencer B.
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Silencer A is a two-chamber silencer with a straight-
perforated tube, while Silencer B is a two-chamber
silencer with a screw-perforated tube. Silencer C is a
three-chamber silencer with a straight-perforated
tube, and Silencer D is a three-chamber silencer
with two screw-perforated tubes and a straight-
perforated tube. The Transmission Loss (TL) of Si-
lencers A and B was compared in Fig. 4, and the TL
of Silencer B was found to be higher than that of
Silencer A. Therefore, Silencer B, a two-chamber
muffler with a screw-perforated tube, was chosen
for further acoustical sensitivity analysis. In the
analysis process, the acoustical flow resistance of the
wool (R), shown in Fig. 5, was selected as the design

parameter. The simulated results in Fig. 6 indicated
that an increase in R has a positive effect on the
increment of TL. The perforation ratio of the screw
and perforated tube (s) shown in Fig. 7 was also
selected, and the predicted TL was found to increase
when the perforation ratio decreased, as shown in
Fig. 8.
Silencers C and D were further examined after

analyzing silencers A and B, as shown in Fig. 2.
Silencer C is a three-chamber muffler with a
straight-perforated tube, while silencer D is a three-
chamber muffler with two screw-perforated tubes
and one straight-perforated tube. The simulated TL
profiles for silencers C and D are compared in Fig. 9,

Fig. 2. Acoustical mechanisms of silencers C and D.
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indicating that silencer D performs significantly
better than silencer C. Therefore, silencer D is
chosen for sensitivity analysis of the perforation
ratio (s), as shown in Fig. 10. The simulation results
in Fig. 11 demonstrate that as the perforation ratio
decreases, the estimated TL increases.

4.2. Discussion

Silencer B exhibits better noise reduction ability
compared to silencer A thanks to the bent shape
effect, as discussed in section 4.1 and shown in
Fig. 4. The predicted results in Figs. 6 and 8

Fig. 3. Accuracy check of sound transmission loss for silencers internally inserted with a straight and perforated tube (A ¼ 76.2, B ¼ 52.42, C ¼ 357.2,
D ¼ 257.2, E ¼ 50.8) [17].

Fig. 4. A comparison of TL between silencer A and silencer B.
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Fig. 5. A selected parameter of R (acoustical flow resistance of wool internally lined inside the silencer B).

Fig. 6. The acoustical influence of TL with respect to R (the acoustical flow resistance) in silencer B (s ¼ 5%).

Fig. 7. A selected parameter of s (perforation ratio of the screw and perforated tube for silencer B).
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Fig. 8. The acoustical influence of TL with respect to s (perforation ratio of the screw and perforated tube) in silencer B (R ¼ 500 kg/m3).

Fig. 9. A comparison of TL between silencer C and silencer D.

Fig. 10. A selected parameter of s (perforation ratio of the screw and perforated tube for silencer D).
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demonstrate that both R (acoustical flow resistance
of wool) and s (perforation ratio of the screw and
perforated tube) have a significant impact on TL.
The TL increases with R increases, and decreases
with s. Furthermore, as seen in Fig. 9, the TL of
silencer D is far greater than that of silencer C,
which could be attributed to the curved shape effect.
Assuming of the same R for all silencers, the simu-
lation results presented in Fig. 11 suggest that s also

has a significant impact on TL, with the noise
reduction ability increasing as s decreases.
A comparison of TL for all silencers was per-

formed by inserting the screw tube into both the
two-chamber silencer (silencer B) and the three-
chamber silencer (silencer D), as shown in Fig. 12. It
is observed that silencer D has better TL than
silencer B when the frequency is below 2000 Hz.
However, the acoustical effect fluctuates between

Fig. 11. Acoustical influence of TL with respect to s (perforation ratio of the screw and perforated tube) in silencer D (R ¼ 500 kg/m3).

Fig. 12. A comparison of TL between silencer B and silencer D (at s ¼ 5% and R ¼ 0 kg/m3.s).
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the two-chamber silencer B and three-chamber
silencer D when the frequency is higher than 2000
Hz, indicating that the number of chambers has a
noticeable impact in the lower frequency region.

5. Conclusion

Four types of silencers (silencers A-D) were
analyzed acoustically for the purpose of the study,
and the results showed that silencer B performed
better than silencer A in noise reduction thanks to the
screw tube effect. The impact of silencerB's geometric
factors on TL was also examined, revealing that both
the perforation ratio (s) and the acoustical flow
resistance of wool (R) played important roles in the
acoustical performance. TL was found to be directly
proportional to R and inversely proportional to s. A
comparison of silencer C and silencer D demon-
strated that the curved shape of the tube inserted in
the silencer results in higher TL. Additionally, with
the same R value for silencer D, TL increased when s
decreased. As discussed in section 4.2, silencer D has
a better acoustical effect at lower frequencies (below
2000 Hz) because it has a larger number of chambers.
Therefore, this paper provides a design guideline for
silencer designers on how to choose appropriate
acoustical elements and geometric design parame-
ters for multi-chamber silencers implanted with
curved (screw) and straight perforated tubes.
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