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The paper presents the problems concerning passive reactive mufflers in rapid gas flow. These 
mufflers are mounted on the exhaust pipe of engines, boilers, fans etc  reducing the radiated in 
atmosphere noise. In the paper is presented the calculus of the attenuation produced by muffler 
considering the Mach number, the ratio between flow speed versus sound speed. The method of 
transfere matrices is utilized, and the attenuation is calculated by transmission loss criterion (TL). The 
results of the calculus are presented by diagrams of TL versus frequency. 

 
 
 
 
1. THEORETICAL CONSIDERATIONS 
ON THE ACOUSTIC ATTENUATION 
 

In Fig. 1 is presented the scheme of the two-
chambers passive-reactive muffler. The  reflexions 
of the gas flow on the inner wals of the muffler 
produce the interference between the incident and 
the reflected pressures, the reduction of pressure 
amplitude is realized by correlation of phase 
difference between incident and reflected 
pressures. It is clear that is not possible to 
produced the same value of the attenuation for all 
frequencies of the spectrum. For this reason the 
muffler is calculated for a specific situation, after 
an analize of the noise radiated by exhaust pipe 
before muffler mounting.  

On the muffler scheme in fig. 1 there appear 
nine zones concerning the gas flow: A, C, E, G, I 
are simple pipes of constant cross section: B, F are 
area expansion zones, with extended inlet pipe; D, 
H are area contraction zones, with extended outlet 
pipe. Without reducing dynamic flow pressure, we 
intend to reduce only oscillating pressure which 
produces noise. 

For the calculus one utilizes as variables 
pressure pi in section i, mass flow ρSiui, where ρ is 
the gas density, 2

ii RS π= – cross section area, ui – 
oscillating speed of gas particle. Because the 
pressure of exhaust in atmosphere gas flow is done 

as imposed parameter, the numbering of the 
muffler sections is done from downstream to 
upstream. 

 
 

Figure. 1 Scheme of the two-chambers passive-reactive 
muffler 

 
For the simple pipes, the relation between 

variables is (1): 
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where: Mach number, 
c
VM = , V beeing flow 

speed and c – sound speed; 21 M
kkc −

≅  and 

c
fk π2

=  is wave number; 
i

i S
cY = , 1−=i ; l – 

length of the considered pipe element. 
We utilize the following notations for 

geometric dimensions: lA, lB,….lI  represents the 
length of sections noted by letters on fig.1; R1 – the 
radius of pipe elements A, E, I; RC – the muffler 
radius. 

 
 
 

For the calculus of the contraction zone, a) 
and expansion zone b), on utilizes the schemes in 
fig.2 [1]. 

 

 

Figure. 2 Schemes for the calculus of the contraction 
zone, a) and expansion zone b) 
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where:  
a): C1 = C2 = -1;  

b) C1 = - 1; C2 = 1. a) 
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M1, M2, M3 – the Mach number in noted cross 
section. 
 
 

 
As it results from fig. 1, we can obtain the 

transfer square matrices (2×2) for all nine zones of 
the muffler. The transfer matrix for the muffler is: 
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By utilizing this matrix, the muffler 
attenuation (TL) is: 

( )
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡ +++
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

2
//lg20 22211211

5,0
IAAI

A

I YYTYTYTT
Y
YTL                                             (4) 

 
To appreciate the muffler efficiency there are 

three parameters (criteria): Insertion loss (IL), 
Noise reduction (NR) and Transmission loss (TL), 
but only TL can predict efficiency in the designing 
phase. 
 
 
2. APLICATIONS 
 
Table 1. Values of muffler dimensions 

The muffler length is HCB llll +++= .... . 
The geometric parameters that influence the 
silencer efficiency are: 
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In the table 1 we present a few values of 
muffler dimensions: 

Variant  lA lB lC lD lE lF lG lH lI RA,E,I RC 
1 0.15 0.03 0.20 0.03 0.06 0.03 0.25 0.04 0.10 0.05 0.16 
2 0.15 0.04 0.30 0.05 0.10 0.05 0.50 0.04 0.15 0.075 0.4 
3 0.20 0.10 0.30 0.15 0.2 0.05 0.35 0.15 0.2 0.075 0.8 

 
For each case we calculated transmission loss (TL) as frequency function, in the domain 

(0÷3000) Hz. We ploted three diagrams for each flow relative speed M (0; 0,2; 0,4): variant 1 – 
fig.3,4,5; variant 2 – fig.6,7,8; variant 3 – fig.9,10,11. 
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Figure. 3 Figure. 4 
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Figure. 5 Figure. 6 
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Figure. 7 Figure. 8 
 
 
 
 
 
 



 

RJAV vol III no 2/2006                                            58                                                     ISSN 1584-7284 

0 500 1000 1500 2000 2500 3000
0

20

40

60

80

100

120

140

160

frequency (Hz)

T
ra

ns
m

is
si

on
 lo

ss
 (

dB
)

 
0 500 1000 1500 2000 2500 3000

0

20

40

60

80

100

120

140

160

frequency (Hz)

T
ra

ns
m

is
si

on
 lo

ss
 (

dB
)

Figure. 9 Figure. 10 
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Figure. 11 

 
3. CONCLUSIONS  
 

Analyzing the diagrams, we see that for 
the variants 1 and 2 at M ≠ 0 the attenuation 
character diminishes in the region of higher 
frequencies. The aspects of diagrams is modified 
in comparison with those for M = 0. For the 
variant 3, where geometric parameters are 
improved, the aspects of diagrams are similar and 
the transmission loss (TL) in comparable in all 
three cases.  
 In each of the three variants, the first 
diagram for M = 0, must be designed in function 
of the gas flow and its pressure, so that to be 
assured a continuum circulation of the fluid. It 
must be reduced only the part of gas pressure 
containing noise. For this reason must be chosen 
the suitable values for the rapports of the 
geometric parameters (5). In the paper [1], which 
includes present researches of applied acoustics, 
there are no recommendations for these 
parameters values, the author specifies that only 

the experience of designer is important to assure 
success. 
 The analyse of the three groups of diagrams 
shows that at the same time with the growing 
speed of gas flow the efficacy of the silencer 
diminishes, mainly in the high frequencies 
domain. From this reason it is necessary that for 
M = 0 to be realized the maximum possible 
attenuation, for the domain of desired frequencies. 
For this, it is necessary to make a big number of 
attempts, to provide the diagrams “dome type” for 
a large range of frequencies, this dome being the 
envelope of several lobs. 
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