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Abstract. The paper looks at basic approaches to evaluation of mufflers 
acoustic efficiency. The main focus is on such characteristics as transmission 
loss and combined transmission loss of the muffler. Comparison of acoustic 
efficiency of classic muffling elements was performed based on 
computational methods. 

1 Introduction 

There are two classes of mufflers according to the principle of operation: reactive mufflers 
with action based on reflecting sound waves passing through them, and dissipative 
(absorptive) mufflers containing a sound absorbing material which converts acoustic energy 
into heat energy. There are also combined reflection and absorption mufflers based on both 
muffling principles, and active mufflers, capable of adjusting to noise spectrum. 

There are many works dealing with muffler design [1-16]. Muffler configuration choice 
depends on the installation's original noise spectrum and the required level of attenuation 
efficiency (acoustic efficiency). Until recently the designs were selected either empirically 
or through analytical calculations of simplified constructions. Application of the finite 
element method allows designing mufflers with complex configuration. 

The aim of this study is to choose acoustic efficiency characteristic and compare against 
each other such typical muffling elements as expansion chamber, chamber with a dissipative 
material, and Helmholtz resonator chamber.  

2 Acoustic efficiency characteristics 

Acoustic efficiency of mufflers can be assessed using a number of characteristics, both split 
frequency and integral [1-3]. The choice of the characteristic for assessing noise attenuation 
efficiency is carried out by taking into account system properties needed for such an 
assessment. 

The designed muffling system can be divided into three constituent parts: the gasdynamic 
noise source which is characterized by the value of mass velocity Vs and impedance Zs; the 
muffler, characterized by a quadripole with transmission matrix coefficients TA, TB, TC, TD; 
and the acoustic generator, characterized by radiation impedance Zr [3]. In this case it is 
expedient to use such parameter as inserted losses for assessing acoustic efficiency: 
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where 0rP , rP  is sound pressure spectral characteristics in a checkpoint, located at the 
distance r from the outlet pipe end, for the exhaust system with or without a muffler, 
respectively. 

Such parameter, as transmission loss, is also widely used: 
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where uP  is sound pressure spectral characteristic of an incident wave at the muffler inlet; 

dP  is sound pressure spectral characteristic of a wave that has passed through the muffler, in 
case of a matched (echoless) load at its output. 

This relationship is determined only by muffler parameters (TA, TB, TC, TD) and does not 
depend on the noise source (Vs, Zs) and acoustic generator (Zr) parameters [1]. 

Noise normalization is estimated by integral value, specifically, sound level, whereas 
efficiency characteristics, shown above, depend on frequency. From this point of view, it is 
necessary to assess the muffler acoustic efficiency using an integrated measure. The study [3] 
suggests using weighted overall transmission loss 
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1f , 2f  is lower and higher boundary frequency, respectively, of the considered frequency 

range; W is some weight function, for example, this can be the A-weighted scale correction, 
most widely used in acoustic engineering. 

If the considered frequency range 2 1F f f= −  has the spectrum constuP = , this means 
that it is evenly distributed, W = 1. In this case transmission loss is represented by frequency 
discrete values with step ∆f, and if the number of discrete values is N = F⁄∆f, then the 
formula (3) is reduced to form [1]: 
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Below, as an example, we calculate overall transmission loss OTL as a criterion for 

assessment of noise reduction efficiency by chambers with classical muffling elements. 
Comparative analysis of the results obtained is also presented. 

3 Muffler design 

This study looks at the system of two mufflers with identical geometrical dimensions. The 
first muffler was represented by an expansion chamber, and the second muffler configuration 
was changing. Three variants of this muffler were studied: chambered, dissipative, and 
resonator muffler based on a concentric Helmholtz resonator. The reviewed mufflers were 
designed using the finite elements method in the Comsol Multiphysics software package in 
the frequency range 1f =50 Hz and 2f =1500 Hz with the step of ∆f=5 Hz. Apart from 
muffler geometric size we assigned sound absorbing material properties for the dissipative 
muffler, such as material density and fiber diameter. 

 

2

MATEC Web of Conferences 320, 00001 (2020)	 https://doi.org/10.1051/matecconf/202032000001
ASO-2020



( )2 2

010lg ,r rIL P P=       (1) 

 
where 0rP , rP  is sound pressure spectral characteristics in a checkpoint, located at the 
distance r from the outlet pipe end, for the exhaust system with or without a muffler, 
respectively. 

Such parameter, as transmission loss, is also widely used: 
 

( )2 210lg ,u dTL P P=       (1) 

 
where uP  is sound pressure spectral characteristic of an incident wave at the muffler inlet; 

dP  is sound pressure spectral characteristic of a wave that has passed through the muffler, in 
case of a matched (echoless) load at its output. 

This relationship is determined only by muffler parameters (TA, TB, TC, TD) and does not 
depend on the noise source (Vs, Zs) and acoustic generator (Zr) parameters [1]. 

Noise normalization is estimated by integral value, specifically, sound level, whereas 
efficiency characteristics, shown above, depend on frequency. From this point of view, it is 
necessary to assess the muffler acoustic efficiency using an integrated measure. The study [3] 
suggests using weighted overall transmission loss 

 
2

1

2 0.110lg 10 ,
f TL

f
OTL W df−= −       (2) 

 
1f , 2f  is lower and higher boundary frequency, respectively, of the considered frequency 

range; W is some weight function, for example, this can be the A-weighted scale correction, 
most widely used in acoustic engineering. 

If the considered frequency range 2 1F f f= −  has the spectrum constuP = , this means 
that it is evenly distributed, W = 1. In this case transmission loss is represented by frequency 
discrete values with step ∆f, and if the number of discrete values is N = F⁄∆f, then the 
formula (3) is reduced to form [1]: 

 
0.11

1

10lg 10 .i

N
TL

i

OTL N −−

=

 
= −  

 
      (3) 

 
Below, as an example, we calculate overall transmission loss OTL as a criterion for 

assessment of noise reduction efficiency by chambers with classical muffling elements. 
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first muffler was represented by an expansion chamber, and the second muffler configuration 
was changing. Three variants of this muffler were studied: chambered, dissipative, and 
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designed using the finite elements method in the Comsol Multiphysics software package in 
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muffler geometric size we assigned sound absorbing material properties for the dissipative 
muffler, such as material density and fiber diameter. 

 

Fig. 1 shows the mufflers' configurations and sound pressure distribution patterns in 
longitudinal axial section at 895 Hz frequency. As it follows from the presented patterns, the 
greatest sound reduction on this frequency is achieved using the dissipative muffler, and the 
least reduction is provided by the Helmholtz resonator. 

 
(a) 

 
(b) 

 
(c) 

Fig. 1. Sound pressure levels distribution at 895 Hz frequency in longitudinal section with chambered 
(a), dissipative (b) and resonator (c) mufflers 
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(c) 

Fig. 2. Transmission loss for mufflers with expansion chamber (a), dissipative material (b), and 
Helmholtz resonator (c) 
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Also, we obtained transmission loss TL diagrams for mufflers with three reviewed 
configurations, shown in Fig. 2. After analyzing graphic dependencies it may be concluded 
that TL values in a substantial way depends on frequency. Values contained between the 
maximum and minimum values vary in a wide range. In a large degree this is characteristic 
to chambered and resonator mufflers, and in a lesser degree to dissipative mufflers. 

Overall transmission loss OTL, calculated according to formula (6): for the muffler with 
expansion chambers – 7.80 dBA; for the muffler with a chamber with dissipative material – 
22.02 dBA; for the muffler with a chamber with a Helmholtz resonator – 6.99 dBA. 

According to the presented study availability of dissipative material significantly 
increases the muffler efficiency in general, especially on high frequencies. It also smooths 
the transmission loss curve. This results in high OTL values for this muffler. For this reason, 
if the original noise is evenly distributed with prevailing high frequencies, it is preferable to 
use a dissipative muffler to bring down the noise level. In its own turn, the muffler with a 
Helmholtz resonator, despite its respective smallest overall loss value among reviewed 
configurations, fits low frequency sound and allows selectively muffle individual high 
frequencies. 

So, it is not entirely correct to follow only overall transmission loss values when designing 
a muffler. First of all, it is necessary to pay attention to the noise initial spectrum which is 
needed to be muffled, and then, based on it, to select an appropriate muffler configuration 
which would secure muffling noise in the most «problematic spots». Only after that numeric 
calculations should be performed, selecting the muffler geometric parameters so that the 
overall loss reaches the highest level. You should use weighted overall transmission loss 
OTLW (3), selecting weight function W with the consideration of distinctive properties of the 
muffled noise spectrum. 

4 Conclusion 

The calculations performed allow assessing acoustic efficiency of the reviewed muffler 
configurations and compare them to each other with the help of an integral parameter – 
overall transmission loss. The muffler with dissipative material had the largest overall loss 
value in the frequency range of 50 to 1500 Hz among mufflers of identical geometric size. 
The muffler with a Helmholtz resonator had he smallest value. 

In order to make integral ratings more objective, it is necessary to use weighted overall 
transmission loss OTLW, where the weight function takes into account the original unmuffled 
noise spectrum shape. First of all, attention should be paid to the frequency range where noise 
reduction level should be the greatest. 
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