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Abstract. The operation of thermal power facilities is associated with the 
negative impact on the environment and humans of such factors as air, 
water, soil pollution, electromagnetic radiation, and noise. This article is 
devoted to improving the noise reduction efficiency of gas and air paths of 
boilers of thermal power plants. In world practice, to reduce noise in gas-
air ducts, dissipative noise silencers are used. The authors propose a new 
design of sound attenuation elements for dissipative plate-type silencers. 
The article defines the acoustic and aerodynamic characteristics of noise 
silencers with new sound attenuation elements. We compare the 
characteristics of silencers made of new silencing elements and the 
characteristics of silencers consisting of plates of common design with flat 
surfaces of the side walls, and demonstrate an increase in acoustic 
efficiency and a decrease in pressure loss when using the proposed new 
silencing elements in noise silencers. Recommendations on the use of 
dissipative plate-type silencers with developed sound attenuation elements 
for gas-air paths of boilers are given. 

1 Introduction 

The annual increase in the consumption of heat and electric energy is associated with 
scientific and technological progress and an increase in the quality of life, as well as the 
emergence of new consumers, which include industrial enterprises and residential 
neighborhoods. To meet the increasing demand for energy, many energy objects are built, 
modernized and expanded [1]. 

We should note that energy has a significant negative impact on the environment. 
Sources of this effect are boiler houses, district heating stations of various sizes and, 
mainly, combined heat and power facilities (CHPs). 

CHPs negatively affect the environment and humans through pollution of air (emissions 
of carbon dioxide, carbon monoxide and sulfur dioxide, nitrogen oxides and ash) and water 
basins, electromagnetic radiation and noise exposure. 

The operation of the equipment of any energy facility is always associated with the 
emission of noise, which may exceed permissible norms [2]. 
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At CHPs and boiler houses, the most powerful sources of environmental noise are the 
mouths of chimneys and the air intakes of blowers. The noise propagating through the gas 
paths and emitted from the mouths of the chimneys is generated as a result of the fuel 
combustion process in the boiler furnaces [3] and during the operation of draft machines 
(smoke exhausters and blower fans). 

An effective method of reducing noise from gas-air paths of boilers is the use of noise 
silencers [4,5,6,7]. 

There are three main types of silencers [8]: 
– reactive; 
– active; 
– dissipative (absorption). 
A reactive silencer operates on the principle of multiple reflection and scattering of 

sound waves on acoustic filters, which are formed by a combination of acoustic mass and 
elasticity in the form of chambers and connected tubes [9-12]. Such designs are used in the 
gas-air paths of small-section boilers, characterized by increased pressure losses; installed 
after the safety valves of power boilers and in the exhaust systems of internal combustion 
engines. 

The active silencer works on the principle of superimposing acoustic waves in antiphase 
on the existing noise spectrum. The greatest decrease in such silencers is achieved at 
frequencies of 125 ÷ 250 Hz of geometric mean octave bands. They are used in gas-air 
paths of small sections and in non-dusty environments, have a high manufacturing cost, 
require complex adjustment and periodic technical inspections. 

The dissipative silencer works on the principle of partial conversion of sound energy 
into thermal energy. A noise suppressor of this type, as a rule, consists of one or several 
sound attenuation elements, each of which has an outer shell of thin-walled metal with a 
section of a perforated surface [13-20]. The inner space of the element is filled with sound-
absorbing material (SAM), placed in a shell of sound-permeable material, which protects 
the SAM from being blown out by the flow of gaseous medium from the space of the sound 
attenuation element. 

The location of the sound attenuation elements and their geometric dimensions 
significantly affect the sound mitigation level and the pressure loss introduced by the 
silencer design. 

Certain requirements are imposed on SAM: fire resistance, hydrophobicity, large 
surface area, low density. In the energy sector, various types of mineral wool are used as 
SAM: glass, stone (basalt) and slag; as well as polystyrene foam and polyurethane foam. 
The most widespread SAM filling of silencing elements for dissipative silencers was basalt 
mineral wool, which fits all of the above requirements. 

Competitive advantages of dissipative silencers are broadband sound attenuation, 
simplicity of design, long service life and lack of operating costs. 

Figure 1 shows the main types of absorption (dissipative) silencers. 
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A silencer in the gas-air path, providing the required acoustic efficiency, can introduce 
additional pressure losses, which will lead to a decrease in boiler performance. Therefore, 
when creating noise silencers with the required acoustic efficiency, it is important to 
minimize pressure losses. 

Let us consider possible ways to improve plate dissipative noise silencers in order to 
increase the sound attenuation efficiency and reduce the introduced pressure loss. 

The main parameter of a silencer is its acoustic efficiency. Sound attenuation in a plate 
silencer is determined by the formula by A.I. Belov [21], dB / m: 

ܮ߂ ൌ 4,4 ⋅ ߙ ′ ⋅
݈

௬ௗܦ
 (1) 

where l is length of the silencer, m; Dhyd is hydraulic diameter of the silencer cross-section, 
m, α` is sound absorption coefficient 

The hydraulic diameter of the silencer, m, is determined by: 

௬ௗܦ ൌ
4 ⋅ ܵ௦
ܲ

(2) 

where P is wetted perimeter of the silencer, m; Scs is silencer cross-sectional area, m2 
The relative flow area of the silencer in the channel, %, is determined by: 

݇ ൌ
ܵ௦
ܵ
∙ 100% (3) 

where S is area of the channel cross-section, m2; Scs is silencer cross-sectional area, m2 
The second important parameter of silencers is the pressure loss they introduce. The 

pressure loss of the plate silencer is determined by the well-known formula [22], Pa/m: 
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(4) 

where ξin and ξout are input and output resistance coefficients; ξfr is friction coefficient; l is 
silencer length; ܦ௬ௗ is silencer hydraulic diameter, m; ϑ is medium flow velocity in the 
cross section of the silencer, m/s; k0 is silencer relative flow area, %; ρ is medium flow 
density, kg/m3 

Analyzing formulas (1) and (4), we can conclude that the same parameters, on the one 
hand, increase the attenuation of sound in the silencer, and on the other hand, increase its 
hydraulic resistance. 

When creating a silencer, it is necessary to ensure the maximum efficiency of the 
silencer when it forms pressure losses within acceptable limits. According to the formula 
(1), to increase the acoustic efficiency, the silencer’s hydraulic diameter is minimized, 
which is achieved by the formula (2) by reducing the passage area of the silencer (the 
cassettes are very close to each other) and increasing its wetted perimeter (increasing the 
area of the sound-absorbing surfaces of the cassettes). The reduction in pressure loss 
according to the formula (4) is achieved by reducing the values of the input and output 
resistance coefficients by installing streamlined elements. 

In many cases, a problem arises when the standard design of the silencer cannot provide 
the required noise reduction while ensuring acceptable pressure losses, therefore, the task of 
improving the noise attenuation elements of dissipative plate-type silencer s is relevant. 

To increase the efficiency of the silencer and reduce its hydraulic diameter, we propose 
to use a series of noise silencer cassettes with developed lateral sound absorption surfaces 
(increased wetted perimeter). The largest sound absorption area of the side surfaces of the 
cassettes is achieved when using the profile of the side walls in the form of half-cylindrical 
concavities. Further studies will be carried out for cassettes with half-cylindrical 
concavities with equal diameters in the range D = 10 ÷ 80 mm (IS cassette). Figure 3 shows 
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4 Conclusions 

1. On the basis of a typical cassette with a flat surface of the side walls of a plate-shaped 
dissipative noise suppressor, a new design of a sound attenuation element has been 
developed [23], the main difference of which is the original shape of the side perforated 
walls, which are surfaces with half-cylindrical concavities. 

2. According to the results of theoretical studies, the noise silencer made of the 
developed cassettes showed higher values of sound attenuation per 1 m of the length of the 
silencer in comparison with typical cassettes with a constant passage section of the silencer. 

3. In order to ensure high values of sound attenuation in the gas-air paths of boilers, we 
recommend to use noise silencers consisting of the proposed IS cassettes with a maximum 
concavity diameter. 

4. We demonstrate that it is possible to achieve such a configuration of silencing 
elements (IS cassettes) of the silencer, when, with increased acoustic efficiency, it is 
possible to reduce pressure losses. 

5. Additionally, a sound-absorbing surface in the form of semi-cylindrical concavities 
can be used as a lining of the internal walls of gas-air paths of boilers. 
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