
Issue № 3 (27), 2015 ISSN 2075-0811 

55 

UDC 697.92: 534.322.31: 728.1 

 

INFLUENCE OF PARAMETERS OF THE AIR STREAM  

ON EFFICIENCY OF MUFFLERS OF NOISE 

 

S. A. Yaremenko1*, М. Ya. Panov2, А. V. Barakov3, А. I. Kolosov4 

 
Statement of the problem. Existence of the various processing equipment emitting dust or oil aerosols in 

cafe, workshops, shops, hairdressing salons, and also availability of cotton dust from carpets in gyms and fit-

ness clubs causes need of application of local exhaust ventilation. As a result, there are suppressors air dis-

perse streams on air ducts and noise which can influence reliability and overall performance of mufflers of 

noise move. Some aspects of this subject became a research problem of the author. 

Results. In this work the processes of passing of sound vibrations through multilayered designs of active 

mufflers of noise are considered. The influence of the punched metal leaf and dust content of an air stream on 

efficiency of mufflers of noise is defined. Some aspects of this subject became a research problem of the au-

thor. 

Conclusions. In the paper it is shown that mufflers of aerodynamic noise as a result of influence of aerosol 

particles can lose noise-attenuating properties almost completely and increase the aerodynamic resistance of a 

network that leads to an increase in energy consumption and decline in the productivity of a system of venti-

lation. The fact that dust content of an air stream needs to be accounted for in calculations and design of muf-

flers of aerodynamic noise is proved. 
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Introduction 

The construction of new residential buildings as well as the restoration of housing with 

built-in and built-on areas that are commonly used as public spaces: cafes, shops, sport clubs, 

offices, hairdresser shops, lofts, slot machine houses, medical centres, etc. has taken on a new 

scale. 
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Systems operating day and night and emitting high noise levels which are known to ad-

versely affect human health are used for ventilation and air conditioning.  

Tubular and plate mufflers of aerodynamic noise as shown in Fig.1 are commonly used 

to combat noise levels.  

а) b) 

  
 

Fig. 1. General view of noise mufflers:  

а) tubular, b) plate 

 

A diversity of technological equipment emitting dust or oil aerosols in cafes, lofts, 

shops, hairdresser shops as well as cotton dust of carpets in gyms and fitness clubs make it 

necessary to employ local exhaust ventilation [1—4]. That results in air dispersion flows trav-

elling in ducts and noise mufflers.  Reliability and efficiency of mufflers for aerosols in an air 

flow depend on the physical and mechanical characteristics of particles, air flow parameters 

as well as sound absorbent facing.  

If there are solid aerosols in the air flow, sound absorbent facing of a muffler is dusted 

resulting in a loose dust layer on its surface. In other words, perforation of a protection layer 

is blocked with dust. If there are liquid aerosols (oil aerosols) in the air flow falling onto the 

surface of a sound absorbent facing, there is oil entering the material with no coating on the 

surface of the facing.   

1. Modelling a gas flow through a porous environment 

Let us look at the simplest model of a gas flowing through a porous environment, which 

is one-dimensional filtration described using a continuity equation:  

 0
t x

 
 

 
, (1) 

Darcy’s filtration law [5]: 
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 k p
g x


  
 

,  (2) 

where t is the time, sec; x is a coordinate, m; � is the true gas velocity in pores, m/seс; ρ is the 

gas density, kg/m3; p is the pressure, Pа; g = 9.81 m/seс2 is the gravity force acceleration; k is 

the filtration coefficient, m/seс. 

The filtration coefficient depends on a dynamic gas viscosity µ of the porosity of an en-

vironment /PORES TOTALG F F  and the structure of a porous environment.  

According to [6]: 

 
2 3

2(1 )
d Gk

G
 

 
, (3) 

where d is an effective diameter of particles making up the core of a porous environment (e.g., 

the diameter of hairy fibers in felt, turf, granule diameter), m; β is a coefficient with the di-

mensionality, N/m3. 

The equation (2) is easier to use as 

р
х

 
  

 
, 

where Ω is a coefficient with the dimensionality sec (a second). It will be considered stable: 

 /k g  .  (4) 

Following ordinary linearization: p = p0 + p', ρ = ρ0 + ρ' where small values whose 

squares and sums can be neglected are primed, from Equations (1) – (2) we get  

 
0,0

0.
0

t x
p
x

       
     

  

  (5) 

Introducing adiabatic sound speed using the formula  

2 0

0

P

V

pCp pС
C

 
  

  
, 

from (5) we get 
2

2
2

дp д pC
дt дх
 
  .  (6) 

The solution of the equation (6) is 

 ( )i tp е P х   .  (7) 

From (6) we get 

 2 '' 0С P i P    .  (8) 
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A fundamental solution xP е  results in a characteristic equation  

 2 2 0C i    .  (9) 

Presenting λ as 

 ( ) ,i k     (10) 

where k
c


 ,  (11) 

we get two roots from (9): 

 1
1 (1 )

2
i

c


     


; 2   .  (12) 

The general solution (7) is 

 ( )i t x xp е Ae Ве      .  (13) 

From the second equation (5) 

 
0

( ) ( )i t x x i tе Ae Ве е V x          


.  (14) 

The problem we pose is the following. Let there be a porous layer with the thickness ℓ 

and at the front (x = 0) with membrane oscillations according to  

 0
i te    ,  (15) 

where �0 is the amplitude; ω is the circular frequency. 

Let us determine the sound intensity at the back (x = ℓ). For that we will use the solu-

tions (13) and (14), boundary conditions (15) and that 

 0p   at x   .  (16) 

From (13) and (16) it is 

 2В Ае    .  (17) 

From (14) and (15) it is  

 2
0

0

(1 )А е 
    


 .  (18) 

At x = ℓ from (14) we get  

0

( ) 2V А е
  


  

and using (18), 
2

0 02

2 1( )
1

eV
e Ch   

 







.  (19) 

Separating the real and imaginary parts in (19) and dropping transformations for a rela-



Issue № 3 (27), 2015 ISSN 2075-0811 

59 

tive sound intensity at the exit of a porous layer we get  
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2
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




.  (20) 

As Ω is increased from 0 to ∞, the sound intensity goes up from 0 to 1. The coefficient 

Ω should be called sound transmission. From (3) and (4) it is 

 
2

2(1 )
d G

g G


   
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.  (21) 

At any final Ω  
2

0

( ) 1V





, 

i.e. a porous environment muffles noises of any frequency and according to the larger the fre-

quency ω, the more it does.  

Let us assume that a porous environment operates in dusty conditions and dust falls une-

venly onto fibers and granules of a sound-absorbing material core.  

Let us denote the original diameter d0, porosity G0, final d and G respectively. 

According to an obvious proportion  

 
2

2
0 0

1
1

G d
G d





  (22) 

it means that at d / d0 > 1 the porosity 

  
2
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0

1 1 dG G
d

 
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 
 (23) 

and sound transmission   
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 (24) 

decrease 

 0G G ;   0  . (25) 

Therefore with dust falling evenly along the core fraction of a porous layer of a sound 

absorbing material, its sound transmission increases. However these state the contrary. It is 




