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Abstract. In order to compare and analyze the influence of different structural parameters on the
muftler performance of multi-section expansion chamber muffler, this paper explores the main
factors affecting the noise suppression performance through the transmission loss formula, and it
establishes the model of two cylindrical expansion chamber silencer. The muffler expansion
chamber is analyzed by changing the section number of the muffler expansion chamber, the
cross-section diameter of the front and rear expansion chamber, the length of the front and rear
expansion chamber, the length of connecting tube, the arrangement order of expansion chamber
with different cross-section area and the arrangement order of expansion chamber with different
length. The simulation results show that the muffler volume can be effectively increased by
increasing the number of expansion chamber and the cross-section diameter of expansion
chamber. The length of the expansion chamber does not show the peak value of the transmission
loss curve, which only affects the span of the transfer loss curve; the order of the expansion
chamber with different diameters and the arrangement order of the expansion chamber with
different lengths have little influence on the transmission loss peak value of the muffler; the
change of the length of the connecting tube affects the span of the transmission loss curve, but
the peak value of the transfer loss curve is not affected. This study can be used as a reference for
the design of a multi-section expansion chamber silencer.

Keywords: Actran, multi-section expansion chamber, muffler, structural parameters,
simulation analysis.

1. Introduction

Expansion chamber muffler is one of the primary forms of resistance muffler, widely used in life,
industry, automobile, aviation, and other fields [1-3]. In particular, it has played an essential role in
reducing the noise generated by mechanical equipment, automobile engines, aircraft turbines, and so
on.

With the increasing attention to environmental noise pollution and the promotion of
industrialization, the scale of the muffler market has shown a trend of continuous growth in the past
few years. It is expected that in the next few years, with the stricter environmental laws and
regulations and the constant progress of technology, the demand for multi-section expansion chamber
mufflers will further increase, and the market prospect is broad.

© 2024 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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Therefore, because of the universality and versatility of the multi-section expansion chamber
muffler, it is of great significance to study the influence of its structural parameters on its noise
suppression performance. At present, many literatures have discussed the effects of several different
structural parameters on the noise suppression performance of mufflers. Shi Jianfeng applied the finite
element analysis method [4]. Through the simulation comparison analysis of expansion cavity series
with different expansion ratio and expansion cavity with different cavity length, the effects of
expansion ratio and expansion chamber length on the transmission loss of muffler expansion chamber
in series are summarized. Han Lei et al. used the method of connecting two mufflers in series to
simulate and analyze the effects of the length of the connecting tube[5], the diameter of the connecting
tube, the length ratio of the front and rear expansion chamber, and the diameter ratio of the expansion
chamber on the transmission loss of the muffler. Chen Guoping et al. made a simulation calculation of
the transmission loss of the series muffler [6]. The effects of the length of the middle connecting tube,
the diameter of the middle connecting tube, the length of the expansion cavity and the diameter of the
expansion cavity on the transmission loss of the double expansion cavity series muffler are studied
systematically. There are also studies dedicated to the analysis of certain structural parameters, such as
the effects of expansion ratio, position and number of outlet tubes on the noise suppression
performance of expansion mufflers [7,8], and the specific application of mufflers to diesel engine
exhaust applications. The effects of more complex structural parameters such as the offset distance of
the insertion tube and different shapes of the expansion cavity on the noise suppression performance
are discussed [9].

This paper uses Actran software to analyze and discuss the influence of different parameters on the
muffler performance by changing the structural parameters such as the number of muffler expansion
chamber, the diameter of cross-section of front and rear expansion chamber, the length of front and
rear expansion chamber, the length of connecting tube, the arrangement order of expansion chamber
with different cross-sectional area and the arrangement order of expansion chamber with different
length. Through this study, the results can be used as a reference for the design of multi-section
expansion chamber muffler, and it is of great significance for the development of a new type of
muffler.

2. Principle and structure design of multi-section expansion chamber muffler

2.1. Principle of muffler with multi-section expansion chamber

When the sound wave passes through the muffler, the sudden expansion or contraction of the
cross-section of the pipe causes the sound wave to reflect and interfere at these changes [10]. This
reflection and interference can disperse the energy of sound waves, thus reducing the intensity of noise.
At the same time, the design of the expansion chamber changes the acoustic impedance in the pipe
[11]. This change can affect the propagation of sound waves, so that the energy of high-frequency and
fast-frequency sound waves decreases gradually when they pass through the muffler. And in the
process of sound wave propagation, due to reflection, interference and damping, the energy of sound
wave is dissipated, thus reducing the intensity of noise.

2.2. Structural design of multi-section expansion chamber muffler

Multi-section expansion chamber muffler is mainly composed of two basic parts: tube and chamber.
Among them, the chamber is the expansion chamber, and its function is to provide space for sound
wave reflection and interference [12].

Compared with the single-section expansion muffler, the multi-section expansion chamber muftler
has multiple expansion chambers. This design can disperse the energy of sound waves more
effectively and improve the anechoic effect. At the same time, the muffler has an inlet pipe and an
outlet pipe, which are used to guide the gas flow through the muffler. The sound wave enters the
expansion chamber through the inlet pipe and is discharged through the outlet pipe after reflection,
interference and energy dissipation. In some multi-section expansion chamber mufflers, reflector
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plates are also used to further promote the reflection and interference of sound waves. The design of
the reflector can be adjusted according to the specific needs to achieve the best noise suppression
effect. Figure 1 and figure 2 are the structure diagrams of single-section expansion chamber muffler
and multi-section expansion chamber muffler respectively.

T chamber
VP
tube chamber

Figure 1. Structure of single expansion Figure 2. Structure of multi-section expansion
chamber muffler chamber muffler

3. Transmission loss of muffler
The transmission loss formula of multi-section expansion chamber silencer is usually derived based on
the transmission loss formula of single expansion chamber silencer. In the case of a single expansion
chamber silencer, the transmission loss is related to the expansion ratio and the expansion chamber
length [13]. For the multi-section expansion chamber muffler, the transmission loss can be regarded as
the superposition of the transmission loss of each single section muffler.

A common transmission loss formula for a single expansion muffler can be expressed as follows:

Ly, = 101g(1+%5in2kL) (1)
4(m—a
Where:

Ly -- Transmission loss (unit: dB)

m--expansion ratio, defined as(m = S,/S;), where §; is the cross-sectional area of the muffler
inlet and S, is the cross-sectional area of the muffler expansion chamber

k is the wave number, which is related to the sound frequency f and the speed of sound ¢

L is the length of the expansion chamber

For the multi-section expansion chamber silencer, the transmission loss is the superposition of the
transmission loss of each single section muffler. Suppose there is a n-section expansion chamber, and

. . L .
the transmission loss of each section is Lp; ;,” '“2,...,Ly n, then the total transmission loss T of many
expansion chamber silencers Ly ;o¢q; can be expressed as:

n
Lrstoar = ) Ly @
i=1

Among them, each Lr,; can be calculated by using the transmission loss formula of the single
expansion chamber silencer.

The transmission loss of multi-section expansion chamber silencer is the superposition of the
transmission loss of each single section muffler. This means that the overall silencing effect can be
further improved by increasing the number of sections of the silencer, and this conclusion can be
drawn intuitively according to the above formula. Similarly, through this formula, it can also be seen
that the transmission loss increases with the increase of the expansion ratio m (the default S, is
greater than S;, so m is greater than 1), and the transmission loss changes periodically with the
increase of the expansion chamber length L. however, in the range of common expansion chamber
length, the transmission loss increases with the increase of expansion chamber length L.

It should be noted that this formula is a simplified expression, and in practice, the transmission loss
of multi-section expansion chamber silencers may also be affected by other factors, such as coupling
effect between segments, air flow velocity, temperature and so on. It can be seen from the formula that
the transmission loss of the muffler can be changed by changing the parameters such as the expansion
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ratio of the muffler and the length of the expansion chamber. This paper will take the multi-section
cylindrical expansion chamber muffler as the research object.

4. Emulation analysis

4.1. Analysis proc

The specific process of this lab is shown in figure 3. Firstly, the muffler model is modeled by
SpaceClaim software, and then the internal air volume model of the muffler is obtained by its volume
extraction function. After it is imported into Actran software, the simulation pre-processing is carried
out, including defining the entrance and exit, setting fluid properties and sound source excitation, etc.,
and finally the structure is obtained by simulation.

Construction of geometric The internal air volume model
model of muffler of the muffler is obtained.

Import simulati
on software

Y

Processing before simulation analysis,
such as defining entrances and exits, |
material properties, etc.

Meshing the air
volume model

Carry on the simulation analysis, and
get the result after processing.

Figure 3. Simulation analysis flow chart

4.2. Silencer model parameter setting

This paper sets the model of muffler outlet, inlet diameter 10mm, expansion chamber node number 2,
cross-section diameter and length of each expansion chamber 30mm and 40mm, and connecting pipe
length 30mm as the reference model, as shown in table 1 and figure 4.

Table 1. Reference model data

Outlet Numbqr of cr-oss—section Expansion Length f’f
Entrance Jiameter expansion diameter of chamber connecting
diameter(mm) (mm) chamber expansion length pipe
nodes chamber(mm) (mm) (mm)
10 10 2 30 40 30

Figure 4. Reference model

At the same time, this paper follows the principle of single factor. The number of muffler
expansion chamber A, the cross-section diameter B of the previous expansion chamber, the
cross-section diameter C of the latter expansion chamber, the length D of the previous expansion
chamber, the length E of the latter expansion chamber, the length of the connecting tube F and the
expansion chamber arrangement order with different cross-sectional area and different length are
compared with the reference model (set the reference model simulation as experiment group 1) as
variables. In order to obtain the influence of different parameters on the noise suppression
performance of multi-section expansion muffler. The changes of specific structural parameters and
their corresponding groups are shown in table 2 and 3.

34



Proceedings of the 2nd International Conference on Applied Physics and Mathematical Modeling
DOI: 10.54254/2753-8818/53/20240122

Table 2. The corresponding groups of experiments with different structural parameters

The order of The order
Number Cross-sectional ~ Length of expansion of
ofnodes  diameter of frontand  Length of P . expansion
. . chambers with

Parameter in muffler front and rear rear connecting different chambers

expansion expansion expansion pipe cross-sectional with
chamber chamber chamber different

areas

lengths

poamenal - 0@ 000 000 000 000 006

Table 3. Simulation analysis compared with parameter setting

A B C D E F
® 2 30 30 40 40 30
@ 3 30 30 40 40 30
® 4 30 30 40 40 30
@ 2 40 40 40 40 30
® 2 50 50 40 40 30
® 2 30 30 50 50 30
@ 2 30 30 60 60 30
2 30 30 40 40 40
©) 2 30 30 40 40 50
2 45 30 40 40 30
@) 2 30 45 40 40 30
1© 2 30 30 55 40 30
® 2 30 30 40 55 30

5. Analysis of simulation results

5.1. Effect of the number of expansion chamber nodes on the noise suppression performance
By changing the expansion chamber node number A, Q@@ groups of simulation experiments are

compared, the expansion chamber node number is 2, 3, 4 respectively, at the same time, keep the
expansion chamber cross-sectional area and expansion chamber length and other variables consistent.
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Figure 5. Effect of the number of expansion chamber nodes on the noise suppression performance

As can be seen from figure 5, with the increase of the number of expansion chamber nodes A, the
peak value of sound transmission loss increases, and at the same time, the points with transmission
loss of 0 also increase. That is to say, the frequency of anechoic effect and the number of passing
frequencies increase with the increase of the number of expansion chamber nodes A. Therefore, if the
installation space of the silencer is limited, the anechoic energy can be improved by increasing the
number of expansion rooms.

5.2. Effect of cross-section diameter of expansion chamber on anechoic performance

Because this simulation only discusses the influence of the cross-section diameter of the expansion
chamber on the anechoic performance, in order that other factors do not affect the simulation results,
the cross-section diameters of the two expansion chambers are kept in the same range. In this
simulation, three groups of simulation experiments will be set up, and the cross-section diameter of the
expansion chamber is 30mm, 40mm, 50mm, respectively. The experimental results are compared to
get the effect of the cross-section diameter of the expansion chamber on the noise suppression
performance, as shown in figure 6.

It can be seen from the figure that the change of the curve of the multi-expansion chamber silencer
with different cross-section diameter is basically the same with the increase of the cross-section
diameter of the expansion chamber, the anechoic frequency and the number of passing frequencies
remain unchanged, but the peak value of sound transmission loss is different, and the anechoic
frequency moves slightly to low-frequency. In fact, the change of the cross-section diameter of the
expansion chamber will only change the expansion ratio of the muffler, but not the span of the curve.
The larger the diameter of the cross-section of the expansion chamber is, the greater the sound
attenuation of the multi-section expansion chamber silencer is, and the better the noise suppression
performance is.
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Figure 6. Effect of cross-section diameter of expansion chamber on anechoic performance

5.3. Effect of expansion chamber length on noise suppression performance

In this experiment, while keeping other parameters consistent, the length of the expansion chamber
was set to 40mm, 50mm and 60mm, and the model was imported into Actran. The results are shown in
figure 7.

Compared with the results, the peak value of the transfer loss is basically not affected by the
change of the expansion chamber length, so increasing the expansion chamber length cannot
effectively increase the transfer loss. However, with the increase of the length of the expansion
chamber, the curve span of transfer loss decreases and the point where the transfer loss is 0 increases.
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Figure 7. Effect of expansion chamber length on noise suppression performance

5.4. Effect of connecting pipe length on muffling performance

Compared with the simulation experimental group @@, the length of the connecting tube of the
muffler model was set to 30mm, 40mm and 50mm respectively, and other parameters were controlled
to be consistent, and the results were as shown in the figure.

It can be seen from figure 8 that with the increase of the length of the connecting tube, the peak
value of the transmission loss of the muffler in the relatively low-frequency range is basically
unchanged, but the curve as a whole tends to move slightly to the low-frequency; and when the
frequency increases, the point where the transmission loss of the muffler is zero also gradually moves
to the low-frequency direction, the curve span decreases, the number of zeros increases, at the same
time, the peak value of the transmission loss curve moves to the low-frequency direction, and the
number of curve peaks increases.

37



Proceedings of the 2nd International Conference on Applied Physics and Mathematical Modeling
DOI: 10.54254/2753-8818/53/20240122

50

— F=30
=== F=40
F=50

40

30

20

Transmission Loss/dB

1000 2000 3000 4000 5000 6000 7000
Frequency/Hz

Figure 8. Effect of connecting pipe length on muffling performance

5.5. The influence of the arrangement order of expansion chambers with different cross-section
diameters on the silencing performance

In this experiment of the expansion chamber, in order to obtain the influence of the arrangement order
of the expansion chamber with different diameters on the muffling performance, the front and rear
positions of the cross-section with different straight diameters will be changed and the experiment will
be carried out with the same other parameters. Among them, the larger cross-sectional diameter of the
expansion chamber is 45mm, the smaller diameter is 30mm, and the two equal expansion chamber

diameters are 30mm, which is regarded as the imitation test group of @@(@1). The result is shown in
figure 9.

Compared with the simulation results, no matter which expansion chamber before and after
increasing the cross-sectional area, it can significantly improve the peak value of the anechoic curve
and effectively enhance the anechoic performance. However, comparing the two groups of curves with
different arrangement order of different diameter expansion chamber, it is found that the two curves
basically coincide. It can be known that the arrangement order of different diameter expansion
chamber has no effect on the noise suppression performance of the muffler.
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Figure 9. The influence of the arrangement order of expansion chambers with different cross-section
diameters on the silencing performance
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5.6. The effect of the sequence of expansion chambers with different lengths on the silencing
performance

Similarly, this experiment sets up three groups of simulation experiments in @12)13) to change the

order of expansion chambers of different lengths while keeping the irrelevant conditions consistent.
Among them, the larger expansion chamber length is 55mm, the smaller expansion chamber length is
40mm, and the same expansion chamber length is 40mm, as shown in figure 10.
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Figure 10. The effect of the sequence of expansion chambers with different lengths on the silencing
performance

The analysis results show that the arrangement order of different expansion chambers has almost
no effect on the transmission loss curve, but compared with the curve with the same muftler length, it
can be found that the number of zeros of the transmission loss curve of the muffler with different
length is less, so when the number of expansion chamber is determined, the expansion chamber with
different length should be selected as far as possible in series to achieve the optimal noise suppression
performance.

6. Conclusion

In order to obtain the influence of different parameters on the noise suppression performance of
multi-section expansion chamber muffler, two cylindrical expansion chamber silencers are designed as
reference models. By changing the number of sections of the expansion chamber of the muffler, the
diameter of the cross-section of the front and rear expansion chamber, the length of the front and rear
expansion chamber, the length of the connecting pipe and the arrangement order of the expansion
chamber with different cross-section area and different length. Through simulation experiments, the
following conclusions are obtained:

(1) Increasing the number of expansion rooms can effectively increase the muffling volume.
When the installation space of the silencer is limited, the number of expansion rooms can be increased
to improve the noise suppression performance.

(2)  When the cross-section diameter of the front and rear expansion chamber is equal, the larger
the cross-section diameter of the expansion chamber is, the greater the sound attenuation of the
multi-section expansion chamber silencer is, and the better the sound suppression performance is;
when the cross-section diameter of the front and rear expansion chamber is not equal, the arrangement
order of different diameter expansion chambers has little influence on the muffler performance.

(3) When the length of the front and rear expansion chamber is equal, the length of the
expansion chamber does not affect the peak value of the transfer loss curve, but only affects the span
of the transfer loss curve; when the length of the front and rear expansion chamber is different, the
arrangement order of the expansion chamber of different length changes, and the peak value of the
transfer loss is basically unchanged, but the zero of the curve decreases. When the number of
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expansion rooms is determined, expansion chambers with different lengths should be selected for
series connection as far as possible.

“4)

The change in the length of the connecting pipe affects the span of the transfer loss curve,

but the peak value of the transfer loss curve is basically unaffected.

This paper mainly follows the single-factor principle, which is carried out on the basis of controlling
the change of one factor and keeping the other factors unchanged. Hence the influence of the
interaction of multiple factors on the expansion chamber muffler is unclear. More scholars are needed
to carry out further research.
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