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THE COMBINED METHOD OF CALCULATION OF NOISE CONDITIONS
IN INDUSTRIAL BUILDINGS OF THERMAL POWER STATIONS

Problem statement. Power objects (heat and power plants, district heat plants, and boiler plants)
are located within the precincts of the settlements and are sources of elevated noise levels. Thereu-
pon there is a necessity of estimation of a noise conditions in the premises of thermal power sta-
tions and in the territories adjoining to them. The process of formation of noise conditions in the
thermal power station premises is a difficult multiple process, which requires sophisticated ma-
thematical models for its description. The existing methods do not provide obligatory accuracy of
calculations. The development of the new methods is required.

Results. The new combined method of noise calculation in industrial premises of the thermal
power stations is proposed. The method is based on the principles of division of glassy and diffu-
sive components of the reflected energy and their calculation, accordingly, with the help of a me-
thod of tracing and a statistical energy method. The total condensation of sound energy in imputed
points is determined by the power summation of all the components. For the method implementa-
tion a computer model is elaborated.

Conclusions. The method proposed and the computer model of its implementation provide the so-
lution of problems of noise estimation in the premises of the thermal power stations and in the ad-
joining areas. The accuracy of the calculations is sufficient for an objective estimation of noise and

for development of the measures on its reduction.
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precision of calculations.

Introduction
Noise occurring during the operation of a heat and power plant is one of the factors that

heavily affect city buildings in its vicinity. Major noise sources in a heat and power plant are
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industrial facilities that house power plant equipment. Noise produced in industrial buildings
generates high levels of sound pressure on the outer surfaces of buildings. As a result of that,
a building itself becomes a spatial noise source. In order to determine how far deep this ex-
cessive noise penetrates a building and to evaluate the required level of noise reduction on its
front edge, it is essential that the two above problems are solved one by one. The first prob-
lem is to estimate levels of sound pressure inside buildings in order to further evaluate noise
levels on its outer surfaces. The second problem involves the estimation of noise distribution
in the vicinity to buildings as being the sources of sound energy with a known power. The so-

lution of the first problem is suggested in the paper.

1. Combined model for noise assessment in a heat and power plant house
A level of sound pressure in any i-th point of a house is determined by direct and reflected

components of sound energy that distributes within a confined volume
Ll.=101g[c(8”p1.+80mpl.)/lo], (D)

where /) is a sound intensity near the threshold of hearing; ¢ is a sound rate; €,,;, €ompi 1s a densi-

ty of a direct and reflected sound energy in a i-th calculated point of a house respectively.

The calculation of density of direct sound energy €,, in case of small-size sources (point
sources) normally does not pose great difficulty. In heat and power plant premises we have to
deal with large-size sources. For them, a computer method of estimating distribution of densi-
ty of direct sound energy has been developed based on the method of ray detection [2] that in
a probabilistic manner come off the surfaces of a noise-emitting equipment. This method al-
lows one to obtain distribution of density of direct energy with regard to noise screening per-

formed by equipment and large building structures.

Distribution of reflected sound energy is governed by more complex laws. There are a wide
range of factors affecting a reflected noise field in premises. Most important of them are
space-and planning parameters of a house, noise-absorbing capacity of the surfaces of its en-
closure and equipment, noise reflection off surfaces, location of noise sources. Since a shape
of industrial houses of power plant objects is different from regular spaces, there is lacking
information on acoustic characteristics of their surfaces. On top of that, there are many more

factors that make it even more difficult and obscure to specify initial and boundary condi-
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tions. Most suitable for addressing problems of sound energy distribution in houses of this
kind are the methods that we have developed based on the statistical energy approach [1] and

method of computer modelling of paths of rays emitted by a sound source [2].

Choosing a certain method for each calculation pattern largely depends on how sound energy
is reflected off the surfaces of the enclosures. Sound reflects off the enclosures of a house fol-
lowing complex spatial relations that are determined by the enclosure material structure, angle
of incidence and frequency of sound waves. General description of these relations is pretty
hard to make. Therefore, two idealized reflection models are mainly used in practical calcula-

tions, 1. €. models with specular and diffuse reflection of sound (Fig. 1a, b).

Calculation models based on computer modelling that make use of a specular model of sound
reflection as practice shows decrease levels of sound reflected in an area closest to a source
and greatly increase them in a distant one. In contrast, when diffuse models of reflection em-
ployed in statistical energy methods are used, calculation levels in a distant area normally ap-
pear to be lower than the actual values. Therefore, it is important that more objective models
of sound reflection are used while developing calculation methods. A model of combined ref-
lection particularly comes in handy since here a part of energy is reflected specularly and the

rest is distributed diffusely (Fig. 1c).
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Fig. 1. Reflection of sound energy off surfaces with varying properties:

a) specular (direct) reflection; b) diffuse (scattered) reflection, ¢) combined reflection

For this type of reflection, we have developed a combined calculation method in order to es-
timate distribution of sound energy. Distribution of specularly reflected sound energy in them
is determined using ray tracing [2], while a diffuse component is evaluated by means of the
numerical statistical energy method [1]. The total value of sound energy reflected is evaluated

according to the superposition principle by summing the results of the two solutions.
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The combined method gives the advantage of using it to calculate levels of sound pressure in
houses of simple and complex shape. The method is easily implemented on contemporary

computing machines.

For the moment, we have developed a software to calculate levels of sound pressure in houses
of any complex shape. It enables modelling of any type of sound reflection according to the
schemes presented in Fig. 1. If we are dealing with an ideal model of specular reflection (see
Fig. 1a), levels of sound pressure are calculated using ray tracing. For a model of diffuse ref-
lection (see Fig. 1b) the statistical energy method is used. If a model of combined reflection
(see Fig. 1¢) is made use of, a specularly reflected part of energy is described by means of ray
tracing. Meanwhile it should be noted that as reflected, a part of specularly directed energy
converts into diffusely reflected energy that is calculated using the numerical statistical ener-
gy method. Ray tracing is performed until their energy does not drop by 10° times due to their
absorption on the enclosures, conversion of specular energy part into a diffuse one and ab-

sorption in the air.

While developing a numerical statistical energy method, we use the concept of quasi-diffuse
reflected sound field of a house where there is a relation between a flow of reflected sound

power g and a gradient of density of the reflected sound energy &
q=-n-grade, ()

where n=0.5¢-/, is a coefficient of the reflected energy transfer in a quasi-diffuse field; c is

a sound speed; /,, is an average length of a free path of reflected sound waves in the house.

In order to design a calculation method, we used the statistical energy model that describes

distribution of density of reflected energy in quasi-diffuse sound fields of houses with the

equation
Ve—y’e=0 (3)
with boundary conditions
e @)
only  (2-ay)l, s

10



Issue Ne 1 (13), 2012 ISSN 2075-0811

where y* =2m, /1, 1s a coefficient that defines energy absorption in the air with respect to its

size limits where m; is a spatial coefficient of sound attenuation in the air; € is a density of
reflected sound energy; o, is a coefficient of sound absorption of the enclosure surface.
Meanwhile, a flow of reflected sound energy absorbed at the house boundaries is calculated

as follows

a.c

:2(2—%)83’ ®)

ql

while reflected energy introduced into the house with a noise source operating is defined as

W =[1(s)ds, (6)

where 7(s) = ce(s) is intensity of sound energy reflected off the enclosures after the first ref-

lection of direct sound; &(s) is also density of reflected sound energy.

In case of a point source the formula (6) takes the following form:

_P(l-a,)cos0
W—a'[r—zds, (7)

s

where P is power of a sound source; € is a spatial angle of a source radiation; r, is a distance

N

from a sound source to a reflective surface; 0 is an angle between a direction 7, and a normal

N

to an element ds of the surface.

The calculation model can be implemented by means of the energy balance method [1]. This
being the case, the entire house is split into elementary volumes of simple geometric figures
where density of the reflected energy can be accepted to change linearly with a balanced eq-
uation of the reflected sound energy being made for each elementary volume. The overall dis-
tribution of density of the reflected energy is calculated based on the solution of the obtained

system of algebraic equations.

The balance of the reflected energy for the i-th elementary volume without considering sound

absorption in the air is written as follows
N 6-N
Z (q,,—9;)S; + Z (W) —q();)S; =0, (8)
Jj=l1 k=1
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where g and g, are flows of energy coming in from the j-th volume into i-th one and vice

versa coming out of the i-th volume into the j-th through the surface S, ; g(w), and g(a),

are flows of energy introduced into the i-th volume after first reflections of direct sound and

absorbed on the k-th surface of the i-th volume that is the surface of the house enclosure with
the area S, respectively, N is a number of j-th volumes coming in contact with the i-th vo-

lume; 6-N is a number of faces of the i-th volume that are the surfaces of the house enclosure.

The energy flows g, and g, are defined as

q; =n(e; —€;)/ hy;

g, =n(e,~&)/ Iy, ®
where 7, is a step of the grid towards the j-th volume.
The values of the energy flows g(a), and g(w), are determined by the formulas
g(a), = % (10)
qw)y =¢,,c(2-a), (1D
where a,; is a coefficient of the k-th surface of the i-th volume.
In case of a point source g(w), is defined as
g(w), :P(l—oc,a.)cose’ (12)

Q-r, lj
where ry; 1s a distance from a noise source to the centre of the k-th surface of the i-th volume.

Based on the solution of the system of equations, we determine densities of the reflected
energy in all elementary volumes of the house as well as in volumes adjoining the enclosure.
The values of densities obtained by means of the numerical method are summed with the val-

ues of densities that were calculated using ray tracing for the same elementary volumes.

While using the combined model, it is unclear how to establish to what extent the reflected

energy is distributed between the specular and diffuse components. In order to establish the
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