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INTRODUCTION

General description of work. On the basis of the numerical model, the pro-
cesses of convective and radiative heat transfer in the combustion chamber. We ob-
tain the basic laws of radiant heat distribution in the volume of the combustion cham-
ber and the values of radiation, convection, and the full flow of heat in the chamber
wall sgoraniya. The basis of physical and kinetic models developed numerical models
for the implementation of 3D computational experiments to study heat and mass
transfer processes in the real world of physical objects. The analysis of the current
trends of application of numerical methods and computer simulations during the theo-
retical research in the field of thermal physics. The results of the 3-dimensional nu-
merical simulation of the formation of gaseous components (oxides of nitrogen and
carbon, nitrogen-containing substances) under appropriate conditions on the real en-
ergy facility on the example of the boiler combustion chamber BKZ-420 Almaty
TPP. Research carried out for different conditions (variation in air-fuel ratio).

The urgency of the problem. Since coal is a major source of energy of the
XXI century the problem of its efficient and cleaner burning pays great attention
worldwide. The share of coal in fossil fuel reserves is shown in Figure 1. Compared
with other fossil fuels, coal is approximately four times the oil reserves (estimated 41
year) or gas reserves (67 years) [1].

1 - Qil, 2 - gas, 3 - coal

Figure 1 - The world's proven reserves of fossil fuels [2]

World Energy is currently and for the foreseeable future based on the use of
fossil fuels, mainly low-grade coal. It should be noted that the deterioration of the
quality of steam coal is widespread, not only in CIS, but also in the developed capi-
talist countries. To date, the world's thermal power plants (TPP) produce more than
40% of electricity and heat. Despite the fact that the history had been ups and downs
in the coal activity and now it remains one of the most important fuels for energy,
particularly electricity. According to statistics of the year 2003 [2], coal provides
about 24% of heat energy and produces about 40% of the world's electricity. Thus it
IS expected to increase in the near future use. According to forecasts , by 2020 the
share of coal in the world fuel balance will be more than 50%. Figure 2 shows the
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share of primary energy in the past and the future. These studies are based on fore-
casts of the availability of and growth in energy needs. The figure shows that the
share of oil and gas in power generation by 2100 will decline, and the share of coal -
increase.
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Figure 2 - Percentage of primary energy in the period from 1850 to 2100

Direct combustion of low grade coals having a high ash content (40-50%), hu-
midity (30-40%), sulfur (3.1%) and volatile low (5-15%), in the existing furnace de-
vices associated with considerable difficulties because -this deterioration of ignition
and combustion of fuel, increase harmful dust and gas emissions (greenhouse gases,
ash, nitrogen and sulfur oxides). Suffice it to say that the problem of greenhouse gas
emissions (carbon dioxide, methane, etc.) And due to this general warming turned in-
to a moment in mankind's problem of global climate change on the earth, flooding
large areas of land, desertification and others.

In addition, for the modern development of the global power system is charac-
terized by reducing the use of scarce fuel oil, which is a valuable raw material for the
refining industry, and expanding the use of solid fuels, whose quality has been steadi-
ly decreasing [3].

In international practice, to enrich the coal prior to combustion. However, one
can not expect coal enrichment in the volumes necessary for the thermal power plant
in Russia and the CIS countries, particularly because of the high cost of enrichment.
Furthermore, as a result of the enrichment can be reduced and the ash content of coal
moisture content, whereas increasing the reactivity, i.e. volatile (lean coal, anthracite
are volatile 4-12%), by enriching impossible.

To improve the ignition and combustion stabilization of low-rank coals with
low volatile and high ash have additional activities that are mostly limited to thinning
grinding (up R90 = 6-8%), to heating fuel mixture (up to 150C) and secondary air (up
to 400 ° ¢), applying a high concentration of coal dust (50 kg / kg) followed by dilu-
tion, and finally, co-firing with coal fuel oil or natural gas. The latter solution has be-
come commonplace.

In the world of kindling coal-fired boilers of the cold or hot state and stabiliza-
tion of coal-dust flame burning spend more than 50 min. Tons of oil per year. On the
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TPP boilers kindling (kindling time 3-14 hours) several times a year (up to 25
launches per year copper) and coal-dust torch light is carried out periodically during
the torch fogged or decrease load. For boilers of various steam in accordance with the
"operating instructions” consumed different amounts of oil (Table 1).

Table 1 - Consumption of fuel oil boilers of various steam

Steam boiler. t/ h Consu_mpt_lon of fuel oil to 1
kindling, t

50-75 3-6

160-200 10-25

220-420 30-80

640-670 80-100

950 100-140

1650 150-250

2650 250-350

However, the current in the power system practice of using for the ignition and
stabilization of the combustion of low-grade coal, scarce fuel oil and natural gas does
not solve the problem, as they co-firing with coal increases emissions of nitrogen ox-
ides and sulfur (in the case of illumination of pulverized coal flame sour fuel oil) .
Use for ignition and lighting pulverized coal huge amount of oil is one of the reasons
for reducing fuel efficiency and low environmental performance of thermal power
plants. The sharp tightening of the recent demands to increase fuel efficiency and
protecting the environment from harmful emissions has been a powerful stimulus for
the development of promising new technologies pre-combustion and complex pro-
cessing of fuels, allowing to solve the above problems [4].

Among the technical solutions proposed for the implementation of pre-pre-
combustion and complex processing of coal, the most progressive methods presented
plasma thermochemical processing of low-grade solid fuels. These methods are based
on the use of heating and thermo-chemical transformations of organic and mineral
part of coal power, transformed into plasma energy into the electric arc plasma torch-
es.

Widespread in the national economy high plasma technology (chemistry, met-
allurgy, mechanical engineering, manufacturing, and others.) Has predetermined its
use for the above energy problems. Application of plasma thermochemical treatment
and processing of fuels arc plasma with high energy concentration is 1-2 orders
greater than that existing in the firing devices, the presence therein of reactive centers
(atoms, free radicals, ions, and an electron gas), virtually absent in normal flue pro-
cesses, promotes energy kinetically more efficient than the traditional firing methods,
implementation of heat and thermo-chemical transformations of coals.

The implementation of new technologies of plasma thermochemical prepara-
tion for combustion and the complex processing of solid fuels is determined, ulti-
mately, the development of methods for calculating the level of the processes and
plasma devices for their implementation. Development of calculation methods is
closely related to the theoretical calculation and experimental research of thermal
processes of motion and heating of coal particles and thermochemical processes of
their subsequent transformations in electric devices. The extreme complexity and in-
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terdependence of these processes, characterized by the presence of gas, solid and lig-
uid phases and a multi-phase states in all, leads to the need for mathematical model-
ing of this complex process with the definition of thermal constants settlement-
theoretical and empirical methods with the help of computers and specially designed
experimental setups[5].

Relevance of the topic. Traditional technologies of burning solid fuels leads to
higher levels of harmful emissions than the combustion of liquid and gaseous fuels.
Growth in the share of solid fuels in the energy balance of thermal power plants re-
quires the creation of new, more efficient and eco-logically clean technologies they
use. In particular, the existing practice of using in power for ignition and stabilization
of burning low-grade coal scarce and expensive fuel oil or natural gas does not solve
the problem, as their co-firing with coal worsens major indicators of coal-fired ther-
mal power plants.

A promising solution to the above problem is to use plasma gasification of
low-grade solid fuels. A distinctive feature of plasmochemical processes of organic
materials is their high processing selectivity: obtaining target products (synthesis gas,
hydrogen) is accompanied by the formation of only minor impurities and by-
products.

The technology of using plasma-fuel systems fuel mixture is heated by a plas-
ma torch to a temperature and partial release of volatile carbon coke gasification.
Thus, irrespective of the raw coal quality of the fuel mixture is obtained highly reac-
tive two-component fuel. Mingling with the secondary air in the furnace of the boiler,
it rapidly ignites and burns steadily without the use of additional fuel (oil or natural
gas), traditionally burned for kindling boiler from a cold condition and stabilize the
flame burning low-grade thermal coal.

To achieve this goal in the thesis tasks include:

- the kinematic calculation of plasma thermochemical preparation of solid fuels
to burning steam coal;

- definition of integrated process performance of plasma thermo-chemical
treatment of coal for combustion: carbon gasification degree, the equilibrium compo-
sition of the gas and condensed phase products of plasma thermochemical preparation
of coal for combustion;

- kinetic calculation of flow processes, high-temperature heating and thermo-
chemical transformation of pulverized fuel in a stream of oxidizer in cylindrical
channels with a plasma source;

- verification of three-dimensional calculation program for its application in the
case of PTAs use the example of an experimental simulation of the cylindrical com-
bustion chamber;

- calculation of three-dimensional burning thermochemically prepared coal in
the furnaces of power boilers.

The aim of the thesis is to study the heat and mass transfer processes in the
combustion chamber of the boiler BKZ-420 Almaty TPP by burning low-grade fuel
in it and influence its design parameters on the economical use of power and the re-
duction of harmful dust and gas emissions.



The object of study in the thesis is the process of heat and mass transfer oc-
curring during the combustion of high-ash Ekibastuz coal in the combustion chamber
of the real power of the object: the boiler BKZ-420 Almaty TPP-2.

The subject of research in the thesis were the aerodynamics of the flow (veloci-
ty field), turbulent characteristics, temperature field and harmful concentrations of
dust and gas emissions (CO, CO,, NO,, O,) over the entire space of the combustion
chamber during combustion in her high-ash Ekibastuz coal.

The scientific novelty of the thesis results

The scientific novelty of the thesis is a comprehensive study of heat and mass
transfer processes in the energy burning fuel in the combustion chamber of the boiler
BKZ-420 Almaty TPP, in determining its optimal design parameters, as well as in the
development of new technologies for burning high-ash coal in order to improve eco-
nomic and environmental performance of the boiler plant.

Developed physical and mathematical, chemical and geometrical model of the
combustion chamber, taking into account the technical characteristics of the boiler
BKZ-420 Almaty TPP and the real process of the combustion process it pulverized
fuel (Ekibastuz coal ash content of 40%) for different hole layout options and rate of
additional air injection into the combustion chamber boiler.

Computational experiments on the study of aerodynamic, thermal and concen-
tration characteristics of the combustion chamber of the boiler BKZ-420 Almaty TPP
and obtained velocity field, temperature, turbulent characteristics, concentrations of
harmful dust and gas emissions (CO,, NO,, O,) and the energy produced from the
combustion of pulverized coal fuel for various hole layout options and the speed of
injection of additional air into the combustion chamber of the boiler.

It offers the best structural parameters of the combustion chamber of the boiler
BKZ-420 Almaty TPP, which was developed on the basis of the optimum combus-
tion technology of high-energy fuel, allowing to increase the wear resistance of pow-
er and reduce emissions of harmful substances into the atmosphere.

The methodological base.

Currently, thermal power task of reducing the cost of obtaining the required
energy and the minimization of harmful dust and gas emissions are paramount. In this
regard, the question becomes relevant selection, operation, and above all, the creation
of new, highly efficient energy-saving technologies and energy processes. Whereas in
the past in the energy sector in the foreground stood only the production of energy,
now you must abide by strict emissions standards for harmful substances and at the
same time cost-effective to use the equipment.

Extremely important is the development of the "pure" burning coal with the
lowest possible emission of harmful substances, and therefore, must be optimized all
structural and operating parameters of such a process. This problem can only be
solved in a systematic analysis of physical, chemical and mathematical modeling. In
this context, computational experiment using powerful computers and advanced nu-
merical simulation techniques is becoming one of the most economical and conven-
ient ways for detailed analysis and deeper understanding of the complex physical and
chemical phenomena that occur in the combustion chamber.

The thesis conducted computational experiments on the burning of high-ash
Ekibastuz coal in the combustion chamber of the boiler BKZ-420 Almaty TPP. For
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their implementation are developed physical and mathematical, chemical and geo-
metrical model of the combustion chamber, taking into account the technical charac-
teristics of the boiler BKZ-420.

The study prepared by the velocity field, temperature, turbulent characteristics,
concentrations of harmful dust and gas emissions (CO,, NO,, O,), formed during the
combustion of pulverized coal for a variety of layout options and ports blowing addi-
tional air velocity into the combustion chamber of the boiler. The results are com-
pared with each other and with the experimental data measured directly on the TPP

[6].

Analysis of the results allowed us to offer the best structural parameters of the
combustion chamber of the boiler BKZ-420 Almaty TPP and developed the optimum
combustion technology of high-energy fuel, allowing to increase the wear resistance
of power and reduce emissions of harmful substances into the atmosphere.

The scientific and practical significance of the work:

scientific and practical significance of the work is to conduct a mutually agreed
set of computational and theoretical studies using two modern computer programs, in
comparing the results of calculations and experiments to verify the mathematical
models used in the issuance of the initial data for the design of industrial and TCP
mode parameters of the boilers.

The maximum heat-mass transfer occurs in the central area of the combustion
chamber. The main heating load falls on the price-central region of the walls of the
combustion chambers and the arrangement region of the burners. The maximum val-
ue of the total heat flux in this region of the order of 300 kW / m,. The maximum
convective heat-flux on the wall is not more than 5 kW / m,, while the value of the
order of 300 kW / m, for heat radiation flux.

The process of formation of harmful gas components uglero oxides, and the ni-
trogen oxides (CO, CO,, NOx) occurs most intensively in the price-central part of the
real power of the object of the combustion chamber. Maxi-mal concentration of the
components correspond to the area of dis-position of the oxidizer and fuel energy
sources. In this area, there are basic components of the reaction of the chemical reac-
tion and co-responsibility, maxima concentration of CO,, NO, NH3, HCN.

Carbon - the most abundant energy resource in the world. Coal became the first
species of fossil fuels used by man. Apparently, the very first mention of coal com-
bustion originates from China around 1000 BC, whereas in Europe, the Romans and
the Greeks began to burn coal in about 200 BC. Trading charcoal started in England
in the 13th century. In the early 1600's, coal was used for melting iron, and by the end
of the 18th century - for the production of gas for lighting lamps. The furnace grate
with a chain was invented in 1833, to burn coal in a coal-dust torch began in the early
1900 years, this technology has developed rapidly in the 1920s, and by 1930 torch
burning coal became the dominant technology used in thermal power plants (TPPs ).

Brown coal contains a lot of moisture (up to 43%), and therefore have a lower
calorific value. In addition, they contain large amounts of volatile substances (50%)
and are formed from organic residues under dead load under the action of pressure
and elevated temperature at a depth of about 1 kilometer.



Fossil fuels contain up to 12% water (4.3% internal), and therefore have a
higher calorific value. They contain up to 32% volatile matter, due to which good ig-
nite. They are formed from brown coal at depths of 3 kilometers.

Anthracite almost completely (up to 96%) consists of carbon. They have the
highest calorific value, but bad ignite. Formed from coal with increasing pressure and
temperature at a depth of about 6 kilometers.

The major coal organic chemical elements are carbon, hydrogen, oxygen, sul-
fur and nitrogen. Thus, coal can be represented as the following components: fixed
carbon (C) + ash (As) + volatile (V) + moisture (W) = 100% [7].

Coal - a complex natural substance, therefore its properties is not fully predict-
ed by theory, but as a rule are described empirically. Currently, there are methods for
determining the waste thermal properties and elemental composition of the coal.

The carbon content of the coal increases with the degree of metamorphism:
65% for lignite to 91% for anthracite coal on the organic mass. The hydrogen content
in this range decreases from 8% to 4%, and oxygen from 30% to 2%. sulfur and ni-
trogen content in the range of 0.5 - 2% and 0.5 - 3%, respectively, and mineral con-
stituents - in a wide range from a few to tens of percent.

Coal fuel is versatile because it can burn, subjected to pyrolysis and liquefac-
tion, gasification or even used as a raw material for the chemical industry [8]. Coal -
fuel is convenient for production, transportation, storage, and use, including in the
form of dust. Its compactness and high energy density (about 30 MJ / kg) intensifies
the combustion process. No splashing and leakage problems associated with other
fossil fuels, while auto-ignition and explosion are not as dangerous as compared with
fuel oil or gas. Widespread availability and significant reserves of coal make it a sta-
ble and attractive price.

The use of coal in the world today is diverse. It is used to produce electrical
energy (steam coal) as the raw material for the metal (coking coal) and the chemical
industry, producing rare earths, graphite production.

The overwhelming majority of long-term forecasts of the global fuel and ener-
gy balance (FEB) confirmed that coal will remain the most significant of the availa-
ble non-renewable energy sources up to 2050. At the present level of consumption of
these reserves will last for 250 years. By comparison, natural gas will last for 65
years, and 45 years of oil. World coal consumption is increasing by about 2% per
year while the price of coal, unlike oil and gas, are very stable. According to Table 2
is a global fuel demand balance and forecast up to 2020.

Table 2 - The global fuel mix

ears Million tons of oil equivalent
Fue 1990 2000 2010 2020
Coal 3142 3610 4199 5645
Qil 4582 5455 6346 7665
Natural gas 2422 2605 2813 4035
other 1767 1650 1533 1629
in total 11913 13320 16803 21466




As shown in Table 2, coal consumption in 2020 could increase by 56% com-
pared to 2000. The increase in the share of coal in the fuel mix, in turn, requires the
development and deployment of energy efficient and environmentally friendly tech-
nologies using it.

About 75% of world coal reserves occur in countries of the former Soviet Un-
ion (Russia, Ukraine, Kazakhstan), the United States and China. The largest reserves
of high-quality coking coal and steam coal reserves under very favorable geological
conditions has the Australia.

Coal is a major source of electricity. Over 40% of the electricity produced in
the world on carbon. In the US alone installed capacity of coal-fired thermal power
plants is 250 million kW.

Currently in Kazakhstan more than 100 explored coal deposits with total geo-
logical reserves of about 176.7 billion tons. However, the most studied approximately
40 fields, with industrial resource estimate of approximately 34.1 billion tons. Basic
largest deposits are located in Northern and Central Kazakhstan: Karaganda (9.3 bil-
lion tons), Turgay (5,8 billion tons) and Ekibastuz (12.5 billion tons). In this open-pit
mining method it is possible to extract more than 400 million tons of coal per year.
Industrial reserves of coal suitable for open-pit mining, account for about 21 billion.
M and are concentrated mainly in the Ekibastuz (51%), Turgay (26.4%), Maikuben
(8.8%) and Shubarkol (7%), coal basins.

Table 3 - Changing the Ekibastuz coal properties

Year | 1960 1965 1970 1975 1990 2000
A% | 37.4 399 413 41,7 43.8 43.8
" /Sg“r’ 17400  |16900 |16800 |16600 |16200 | 15900

At the same time there is a problem of deterioration of quality of coal supplied
to power plants. Increasing the moisture content of the ash and with a corresponding
decrease of calorific value are continuous. In Table 3 the example of Ekibastuz coal,
shows the variation in ash content and net calorific fuel (according to the thermal
power stations). Such abrupt changes in fuel characteristics have a negative impact on
the operation of power plants. In addition, the sharp deterioration of fuel is forcing
service personnel to use the power of essential oil in amounts to stabilize the combus-
tion of coal-dust torch,

Existing combustion technology and thermal processing of solid fuels and mix-
tures thereof does not fully meet modern requirements to increase fuel efficiency and
to ensure ecological and economic indicators of energy facilities. Combustion of non-
project low grade coal in coal-fired boilers presents considerable difficulties since
low quality fuels adversely affect the characteristics of the ignition process, stabiliz-
ing the flame burning and process fuel burnup and furthermore substantially reduces
the environmental and economic TPP indicators due to emission of harmful gases
(NO,, SOy, CO) and fly ash [9].

The situation is exacerbated by the fact that the decline in the quality of steam
coal requires an increase in consumption of fuel oil or natural gas to coal-fired ther-
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mal power plant boilers for lighting, lighting the torch and stabilize the output of lig-
uid slag in the furnaces with liquid slag removal. For example, in countries such as
Russia, Kazakhstan, Ukraine on coal-fired thermal power plants annually consume
more than 15 million. M. Of fuel oil, which is economically inefficient.

To improve the ignition and stabilization of the combustion of coal with a low
volatile ash content and high in power traditional methods exist - this increase in
fineness (before R90 = 6-8%), higher fuel mixture heating (up to 410 K) and second-
ary air (up to 673 K) , the supply of coal dust high concentrations (up to 50 mg / kg),
followed by heating and finally co-firing with coal fuel oil. However, these methods
have significant drawbacks. In particular increasing fineness results in a significant
energy consumption for grinding overruns, which reduces efficiency (net) of the boil-
er. Increasing the temperature above 410 K fuel mixture and secondary air above 673
K impossible due to fire.

When fuel oil stabilization and coal-dust flame wings, as well as unloading of
boilers, spent huge amounts of scarce fuel oil (about 25 million. T / year in the CIS),
which is more than 12% of the thermal capacity of coal-fired thermal power plants.

However, using a scale of expensive, but high sulfur fuel oil does not solve the
problem of increasing fuel efficiency. At the same time co-combustion of coal and
fuel oil has a negative impact on the environment.

Coal Combustion Technology development has a relatively long history.
Among the existing coal-burning technologies, flaring coal dust - the most common.
Figure 3 schematically shows the coal-fired thermal power plants.

1 - bunker of crude coal, 2 - transporter 3 - boiler 4 - chimney, 5 - power
transmission, 6 - steam turbine, 7 - transformer substation, 8 - generator, 9 - capaci-
tor, 10 - water treatment, 11 - ash disposal system, 12 - pulverized coal mill

Figure 3 - Diagram of power generation from coal

Increasing the role of coal in the future, as compared with petroleum and natu-
ral gas, associated with the fact that it is at a lower environmental quality and lower
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specific heat of combustion, is a rich source of chemicals, including mineral. The po-
tential range of end products of its processing complex already is widely used in
power, metallurgy, chemistry and construction industry [10].

A number of technologies aimed at improving the economic and environmental
efficiency of coal-fired plants, called "clean coal technologies”. They can be divided
into two groups. the first group of technologies is mainly related to the coal pre-
treatment (eg coal cleaning), and a decrease in the concentration of pollutants with
existing systems (eg, flue gas desulphurization, electrostatic precipitators, low-
emission burners, selective catalytic reduction, etc.). Pre-treatment of coal also in-
cludes restoration, capture and use of methane produced from coal mining and crush-
ing, washing, drying the coal to reduce the ash content, sulfur content, moisture and
minerals [11]. After combustion of coal, the remaining fly ash may be separated from
the flue gases using electrostatic precipitators and fabric filters. Ash removal effi-
ciency could reach 99%, and the collected fly ash particles can be used in building
materials technology. okisidov reducing emissions of nitrogen (NO,) is achieved by
(1) re-burning method, (2), and selective catalytic reduction (3) using low-emission
burners. Using these methods simultaneously reducing NO, emissions is achieved up
to 90% of its emissions during coal combustion without special means [12].

Reducing carbon dioxide emissions from coal combustion in conventional
thermal power plants can be achieved only by increasing the efficiency of combus-
tion technology. For example, increasing the efficiency of the thermal power plant
from 30 to 40% could reduce CO, emissions by approximately 25% by reducing the
amount of fuel burned per unit of energy produced. In coal-fired thermal power plant,
based on the operating parameters subcritical steam cycle, increased efficiency may
be achieved by increasing the critical pressure and temperature steam. However, in
this case, the limitation is the quality of the materials used in the construction of the
boiler. Recent advances in the field of high-quality materials (superalloys) made pos-
sible the construction of new coal-fired thermal power plants operating in the super-
critical and ultra-supercritical conditions, reaching an efficiency of about 45% [13].
However, the majority of existing plants - relatively old. In Europe, about 63% of
coal-fired thermal power plants built more than 20 years ago, and their efficiency var-
ies at the level of 33-35%, while in developing countries the situation is even more
alarming because the average efficiency of thermal power plants - about 25%.

The second group of "clean technology" includes a variety of advanced tech-
nologies, the concept of which is different from the principles of flaring pulverized
coal technology. The most promising of these technologies - coal combustion in a
circulating fluidized bed under pressure and gasification, which can improve envi-
ronmental performance and reduce the thermal power plant fuel oil consumption.
However, currently only it planned to create prototypes of new equipment to carry
out large-scale tests, and mass exploitation of such equipment is only possible in the
longer term.

Thus, the use of coal in energy meets various difficulties, leaving great poten-
tial for improving and optimizing the efficiency of its combustion technologies.
Among these difficulties, two distinct problems can be identified. The first - a high
sensitivity of the combustion process to the properties of coal used. Second - it is a
necessity of burning a huge amount of additional pilot fuel (50 million tons of fuel oil
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a year in the world.) For pick-up, stabilization of pulverized coal and kindling the
flame burning boilers [14]. There exists methods to improve fuel efficiency in the
largely exhausted themselves. Currently we develop new, innovative, environmental-
ly friendly technologies. At the same time, a significant widespread processes of
thermochemical preparation of coals to burning, including plasma technology, char-
acterized by high efficiency, environmental friendliness and relatively low cost of
equipment, and most importantly, allowing to solve both problems mentioned above.

When thermochemical coal preparation, its molecular structure is being de-
stroyed or rebuilt to some extent. This destructive reaction with the free or bound ox-
ygen and steam. These reactions may contribute to some organic and inorganic com-
pounds present in coal and added externally. Otherwise, under the thermochemical
preparation of coals to burning refers to the combined effect of undergoing a degrada-
tion of fuel thermal energy and chemicals. In this case, the thermochemical conver-
sion affects only organic mass of coal, almost no effect on their mineral part.

Thermochemical Methods of preparation of low grade fuels based on their par-
tial gasification and use as more highly reactive than the original fuel coal and its
products (fuel gas and coke unreacted coal particles). At full gasification of coal in
the air receive a combustible gas (CO + H, + CH, + CO, + N,) and inert ash with low
content of carbon C. After separation of the solid fuel gas can be burned in furnaces
or used for lighting the flame of pulverized coal.

Methods for preparation of thermal coal for combustion, which are based on
in-line pulverized coal technologies can be divided into two groups.

The first relates to the heating of the fuel mixture throughout the mixing with
the secondary air, and a second - the heat treatment at parts of pulverized coal stream,
followed by mixing it with the rest of the secondary air and dust. Studies of the first
group of methods is only seen as a means of increasing the reactivity of low-grade
fuel by enriching torch volatile coal, ie, ability to inflammation and oxidation, to a
large extent determined by the content of volatiles in the fuel [15]. thermochemical
fuel processing method developed in, can influence the reactivity of the coal and
thereby increase the stability of combustion and its intensity. At the same time all the
low reactive fuel interacts with the high-temperature combustion products of highly
reactive fuel (oil or gas). The result is a two-phase fuel consisting of carbon monox-
ide (CO), hydrogen (H,), unreacted dust, coke and inert components (H,O, CO,, N,).

The second group of processes based on the division of the stream of pulver-
ized coal into two unequal parts, and a thermal treatment at of them are [16]. They
explored ways to stabilize the flame of pulverized coal, which are based on its en-
richment inflammable gaseous fuels obtained through full and partial gasification of
the original low-grade coal. The aim of this work was to reduce fuel oil consumption
due to the flaring low-grade coal and eliminating the negative effects of co-
combustion of coal and fuel oil in a furnace volume.

In addition, the electrical energy - the energy with a universal range of applica-
tions. It is important that it is possible to produce not only from non-renewable ener-
gy that provides the optimal structure of power with minimal adverse environmental
impacts. When using the electric power in the fuel-electric processes are stored, on
the one hand, all the advantages of electric energy, and on the other - a natural cool-
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ant acquires new properties (in particular, high enthalpy and chemical activity) are
not provided by conventional methods [17].

Two forms of electricity use most developed: in the form of low-temperature
plasma energy for the ignition of pulverized coal torch in the form of Joule heat by
passing electric current through the carbonaceous material or the ohmic resistance.
various designs like the ignition of coal-fired burners in our country have been devel-
oped, as well as abroad. Conversion of electricity into the energy of the electric arc
discharge allows more actively influence the processes of ignition and stabilization of
solid fuel combustion. At the root of this trend in the energy sector were the research-
ers Blackburn P.R., Reason I. (England), Cioffi P.L. (USA), Tuppeny W.H. (USA),
Duverger D., Ashard I.L. (Canada) [18].
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1 MATEMATHYECKAS MOJIEJIb TYPBYJEHTHOI'O TEIIJIO-
MACCOIIEPEHOCA

1.1 YpaBHeHHE HeNMPEPHIBHOCTH U 3aKOH COXPAHEHUS HMITYJIbCA

B ocHOBe MaTeMaTH4ECKOM MOJENM TEYEHUS Ta30B WIH KUAKOCTEH JexkaT
YPaBHEHUS COXPAHEHHsI MACChl U UMITyJIbCA. /[ MMOTOKOB, B KOTOPBIX MPOUCXOASAT
IpoLIECCHl  TEIUIONEpeNaun, a TakkKe M1 CXKUMAeMbIX Cpel  HEeoO0XOIUMO
JOMOJHUTENBHO pelaTh ypaBHEHUE COXpPAaHEHUs HSHepruu. B TedeHMsx c
IPOLIECCAMH CMEIIMBAHUS PA3IUYHBIX COCTABIISIIONINX, C PEAKLMSIMU TOPEHUS U Jp.
HE0O0X0MMO 100aBUTh YpaBHEHUE COXPAHEHUS KOMIIOHEHTOB CMECH WJIM YPaBHEHUS
COXpaHEeHUs s (Ppakuuid CMeCH W MX U3MEHEHHH. J[J11 TypOyJEHTHBIX TEeUEHUU
CUCTEMa  YpPaBHEHHMU  JIONOJIHAETCS  TPAHCHOPTHBIMU  YPaBHEHHSIMHU  JUIS
TypOyJICHTHBIX XapaKEeTPUCTHK.

JUIsl TOCTAaHOBKM MAaTEMAaTHYECKOW 3a/1aul PACCMOTPUM OCHOBHBIE YPABHEHUS
[19].

3aKoH coXpaHeHHMsI MacChl. YPaBHCHHUE COXPAaHEHHUs MacChl, UM YPAaBHEHUE
HENPEPBIBHOCTH, MOXKET OBITh HAMCAHO CIEAYIOLIUM 00pa3oM:

EJF&(PUi):Sm (1)

Ypasuenune (1) — oOrast popma 3aKOHA COXPAHEHUST MACChI IS HEC)KMMAaEeMBbIX
U CKuUMaeMbIX NOTokoB. Craraemoe S - MCTOUHMKOBBIM uieH. OH ompeznenser

Maccy, J00OaBJIEHHYI0 K HEMpepblBHOM (¢aze OT JucrepcHo BTopou (asbl
(HampuMep, WCHApeHHe SKUIAKUX KameleK) U Jo0ble Jpyrue MCTOYHUKH,
OTpeIeJICHHbIE KOHKPETHOH (hr3nyecKoit 3aadeii.

B naiem ucciieoBaHUM UCTOYHUKU MAcChl OTCYTCTBYIOT, TPOUCXOIUT TOJIBKO
JUIIb MPeoOpa3oBaHUe COCTABISAIOMIMX KOMIOHEHTOB. (Clie0oBaTENbHO, 3aKOH
COXpaHEHUsI MacChl 3alIMIIETCS B BUJIE:

L+ 2 (pu)=0, @

3akoH coxpaHeHusi umMnyJibca. COXpaHCHHE UMITYJIbca B | HANpaBICHUU B
WHEPIUALHON crcTeMe KoopauHat umeet Bua [20]:

0 0 op | O,
“ou)+—(puu )=—E 4+ 70 L oy +F 3

] ! ]

r71€ P - CTATUYECKOE JABJICHUE, IPEJICTABICHHOE B BUJIE TEH30PA HANIPSIKEHU,
p9;u F - rpaBuTannonHas cuiaa U BHEINHUE MACCOBBIE CHJIBI (HAIIpUMED,
CHJIbI, BO3HUKAIOIIHAE B PE3yJIbTaTe B3aUMOJCUCTBUSA C JUCHEepcHOW (a3oi) B |
HaIlpaBJICHUH, COOTBETCTBEHHO.
F Takke cOOepKUT Apyrue 3aBUCSILME OT MOJENIU 33aJa4d XapaKTEPUCTUKU
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HNCTOYHHKA, TAKUC KAK IMOPHUCTLIC CPECAbI U JOIMOJIHUTCIIBHBIC KCTOYHUKHA [21]
TCHSOp HAIPsKCHUA OIPCACIIACTCA YCPE3 COOTHOMICHUC:!

ou, 0u; 2 0u,

= g — L -5
L R R | T Y

(4)

1.2 YpaBHeHHUEe SHEPIrUHU

N3meHeHue sHEpruM B pearupyrommx TYpOYJIECHTHBIX TEUEHUSIX MOXKET OBbITh
0OYCJIOBJICHO CJIEAYIOIIMMHU MPOIECCaM: MOTOK MOTHONW SHEPTHH 32 CUET KOHBEKIIUU;
MOTOK TMOJHOW DJHEPruu 3a CUeT MOJIEKYJISIPHOTO TEIUIONEePEeHOCca; HW3MEHEHHE
HHEPruM 3a cueT paboThl CUJI JIaBJICHUs Ha MOBEPXHOCTH KOHTPOJBHON 00sacTu;
W3MEHEHUE HHEPIruU 3a CYeT pabOThl CHJI TPEHHSI HA MOBEPXHOCTU KOHTPOJIBHOIO
o0beMa; H3MEHEHUE DHHEPruu 3a CcYeT pabdoTbl OOBEMHBIX CHJI; MOTJIOIICHHE
(BBIZICJICHUE) SHEPrUU B pe3ysibTaTe€ XUMHYECKUX MpPeoOpa3oBaHUN WM 32 CUET
SHEPTUH TEIJIOBOTO U3IydeHus [22].

C yyeToMm BBILIEYKA3aHHBIX MPEOOpPa30BAHMI ypaBHEHHE SHEPTUHM B OOLIEM
BU/IE 3AMUILIETCS:

2By L wler + p)= 2k,

oT

= -ShJ. +ulr), |+S,, (5)
aXi R IR ] ) Jeff

rae K, - apdexkTuBHas TPOBOIMMOCTE ONpeaensieTcs cyMmmoit K, + K; (TaMuHapHas u

TypOyJACHTHASI TEIJIONPOBOAHOCTH COOTBETCBEHHO),
J, - mubdy3HOHHBII TOTOK KOMIIOHEHTA |'.

ITepBbie TpU cllaraeMbple B MPaBOM YaCTH ypaBHEHHUS 5 ONMMCBHIBAIOT Tepeaady
SHEPIUH 3a CYET MPOBOIUMOCTH, MU (DY3UH U BSI3KOH TUCCHITAIIUH, COOTBETCTBEHHO.
B HCTOYHHKOBOM YjieHE S YUYHTHIBACTCSA TEILIO 3a CUET XUMHYECKHX PEaKIMi H
JF00OBIC IpyTrrue 00bEMHBIC HCTOYHUKH SHEPTHH.

B ypaBuenun (5):

2
E=h-P % (6)
o 2

rJIe TerIocoaepkanue h onpeaensercs s UaeaabHbIX ra30B Kak:

h= Z‘ m.h, (7)
1 OJ11 HECKUMACEMBbBIX ITOTOKOB KaK

h=Ymh +2 (8)
] P
B ypasHenusx 7 u 8, m, - MaccoBas n0n1s cyOocTaHuuu j',
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h, =Jc,,dT. ©)

J11 ICTOYHUKOBOTO 4JjIcHA Sy
Sh = Sstr + Sabr + Sh,p- (10)

B 3TOil CymMMe y4YMTBIBACTCS TEIUIO 3a CYET H3IyYEHHUS, KOHBCKTHBHOTO
0OMEHa MEXK/y YacTHIIaMU M Ta30BOM (a3oil U Terwio cropanus. C ydeToM Haauuus
TBEPJIBIX YTOJBHBIX YACTHI[ B OOIEM IOTOKE IOCIEAHEE cjaraeMoe B ypaBHEHUH
(10) onpenenseTcs Kak:

S, = X N,(d,, ) NuA(T, - T, e (11)

I[J'ISI HCTOYHHKA JHCPIrHUHU 3a CUCT XHUMHUYCCKUX Hp€06p330BaHHﬁ B IIponeccce
TOpCHU UMECM.

S, =M. Hu_ +M._ Hu,. (12)

abr koks koks

TernooOMeH M3Ty4yeHHEM M KOHBEKTHBHBIM TEIUIONEPEHOC OyayT MmoApoOHO
PacCMOTPEHBI B CIEYIOUIUX pa3zienax padoThl.

1.3 YpaBHeHHe 1J151 KOMIIOHEHTbI

Jlns ompenesieHUs KOHIICHTPAIIMK KaKJIOW KOMITOHEHTBI CMecH (Harpumep,
CO, CO,, O, xokc nunu CiH,) B aneMeHTe 00beMa 3aIMChIBAETCS COOTBETCTBYIOLIEE
OammaHcHOe cooTHomIeHue. JlaHHOe YypaBHEHHE YYHMTBHIBAeT (DU3UYECKHE M
XUMHYECKHE MPOIIECChl, KOTOPBIC OKA3bIBAIOT BIMSHHUE HA N3MEHECHUE KOHIIEHTPAIIUU
JIAHHBIX BEIICCTB.

Hapsiny ¢ koHBekTMBHBIM # AUGGY3MOHHBIM TEPEHOCOM, HEOO0XO0IUMO
YYHUTBIBATh BKJIAJ XUMHUYCCKUX peakuuid W (U3MYECKHE IPOIECCHl, TaKhe Kak,
HaIpUMeEp CYIIKa TOTUTMBA | JIp.

B sneMeHTapHOM 0OBEME TOJIHASE Macca OMpeesIeTCs KaKk CyMMa Macc BCeX
N KOMIIOHEHTOB:

m=>m,. (13)

g 3ammcu oOmiero OajlaHCHOTO COOTHOIICHUS I KOMIIOHCHT CHUCTEM B
KaueCTBE IMEPEMEHHON BEJIMYMHBI MOYKHO HCITOJIB30BaTh Pl 3HAaYeHU. Hanpumep:

MaccoBasi KOHLIEHTPALMSL:
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> Mg [E} c = (14)

n M KeZ

OOBbeMHasi KOHIICHTPAITHS:

V M V
> b ey (15)
KonuenTpanus:
m m° m
-= — 1 C,=—". 16
Zn: V P K2 "V (16)

Ucnonb3oBanne 0ObEMHOW  KOHIICHTpAIIUU  SIBISICTCS  HEMPAKTUYHBIM.
[TockoJibKy HEOOXOJMMO BBOJWTH JOMOJIHUTEIIbHBIC ypaBHEHUS JUIs ydeTa
u3MeHeHus o0bema ¢ Temreparypoil. [loatomy B Hamielt MOJEIM MbI UCIHOJIb3YEM
MACCOBBIC KOHLIEHTpalUUh. B XUMHUYECKHX pEAKUUSAX HCHOJIb3YIOTCS MOJIbHBIE
KOHIIGHTPALMH ~ MOJb/M°. Ilo3ToMy B oOuiee OanaHCHOE ypaBHEHHE BBOIATCS
COOTBETCTBYIOIINE KOA(D(DUIIMEHTHI JIJIs IepepacueTa B MacCOBbIe KOHIICHTpauu. B
oOIIeM BHJI€ YpaBHEHHE Il KOHIIGHTPAllMM KOMIIOHEHT CMECH 3allHChIBACTCS B
BUJIC:

0
OX,

0 | Har O, +S, . (17)
oX. | o.  OX "

i Cp eff i

5
a(pcn)+ (puc,)=

B sTom YpaBHCHHU cCJIaracmMoc SC YUUTBIBACT BKJIaJ]l XHUMHWYCCKHUX pCaKHI/Iﬁ B

HN3MCHCHHUC KOHIOCHTPAIUK KOMIIOHCHTOB. B MHOrOKOMITOHEHTHBIX CMECSIX:
Scn = Za)n,r ! (18)
rne w, onpeacACTCA KaKk CKOPOCTb PCAKIIMK BCIICCTBA N B peakuuu I.

1.4 HayajibHbIe M TPAHUYHbIE YCJI0BUS
OnpenenuM HayalibHbIE U TPAHUYHBIE YCIOBUS JJI MOCTABICHHOM 3aa4uu:
11 CKOPOCTH:

ou.
— =0 - npousBoaHas, HOpMaJIbHAs K IJIOCKOCTH BBIXO/IA;

i InormaA

=0 - cKOpOCTh, HOpMaJIbHaA K TIOCKOCTU CUMMETPHH,

norms
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ou.

—_— =0 - IPOM3BOAHAs, HOPMaAJIbHAA K INIOCKOCTH CUMMCTPHUH,

i lnorms

=0 - CKOpPOCTBb, HOpMaJIbHAJ K CTCHKE, T.€. HCT IIOTOKA MACCHI,

normw

ou.
—t =0 - IMPpOU3BOJHAA, HOpMAJIbHAs K CTCHKaM,
i lnormw
i tang =0 - CKOPOCTb, TAHI'CHIIMAJIbHAA K CTCHKAaM, YCJIOBUC HpI/IHI/IHaHI/IH;
8p rand =0 - IIormpaBKa Ha JaBJICHHEC HA I'PaHUIIC,

JUTSL SHEPTHH

h=C T - remneparypa Ha BX0/i¢ (3KCIIEPUMEHT WJIM PACUET);

oh
— = O - IPOU3BOJHAA, HOpMaJIbHAsA K IINIOCKOCTHU BEIXO4,
aXi normA
oh |
— =0 - IIPpOH3BOAHAA, HOpMaAJIbHAsA K IINIOCKOCTH CUMMCTPHUH,
axi norms
oh |
a— =0 - IMpon3BOaAHAsA, TAaHTCHOWAJIbHAA K IIJIOCKOCTH CUMMCTPHH,
X.
I'ltangS

JJIA KOMIIOHCHT CMCCH.

Ck - Ha4aJIbHas KOHLOCHTPAOHA KOMIIOHCHTA k Ha BXOJE,
oc
—_— = U IIPOHU3BOAHAA HOpMAJIbHAA K IIJI THU BBIXO/J4,
k 0 OHU3BOJHA (0) AJIbHAA K OCKOC oJa,
axi normA
oc
—k =0 IMPpOU3BOAHAA HOpMaAJIbHAsA K IINIOCKOCTH CI/IMMeTpI/II/I;
axi norms
oc .
a—k = O IIPOU3BOAHAA HOpMaAJIbHAS K TBEPAOU IMMOBEPXHOCTH.
X.
I Inormw

1.5 MopeaupoBanue TypOyJdeHTHOCTH

TypOyneHTHbIE TEUYEHUs XapaKTepPU3YIOTCS IMyIbCAllUsIMU CKOPOCTEH.
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MyJIbCAIIUN CIIOCOOCTBYIOT CMEITUBAHUIO TPAHCTIOPTHPYEMBIX XapaKTEPUCTHK, TAKIX
KaK UMITYJIbC, SHEPTUSI ¥ KOHIICHTPAIMS KOMIIOHEHT, M BBI3BIBAIOT TAKXKE KOJICOAHMS
ITHX XapaKTepUCTUK. Tak KakK ATH IMyJbCAlUd MOTYT OBITh MaJbIX MacIITabOB, HO
UMETh BBICOKYIO YaCTOTY, TO3TOMY, HEMOCPEICTBEHHO B MPAKTHYECKUX TEXHUIECKIX
pacderax WX BBIYHCICHUE SBISETCS OYEHb CJIOXKHOW 3amadeii. Bmecto 3TOTO
MTHOBEHHBIC (TOYHBIE) OIpPENEISAIONINe YpaBHEHUS MOTYT OBITh YCPEAHEHBI IO
BPEMEHHU, TPEICTaBICHBI B BHUAC CPEAHETO IO aHCaMOJi0, 4YTO TPHBOAHUT K
MOAU(PUITMPOBAHHBIM ~ CHCTEMaM YPaBHEGHMH, KOTOPbIE B  BBIYUCIUTEIHLHOM
OTHOIIIEHUHU TPEOYIOT MEHbIIEe 3aTpat it pemenus. OgHako, MOAUPUITIPOBAHHBIC
ypaBHEHUSI COACPIKAT JOMOJHUTEIbHBIC HEW3BECTHBIE TepeMeHHbIe. [loaTomy, mis
UX OTpeCIICHNs He0OX0UMBI JOITOJTHUTEIbHBIC MOJICITH TypOYJIeHTHOCTH [23].

CymecTByIOT psii pasaudHble TypOyJieHTHble Mojnenu. Hawmbonee dacrto
WCITOJIb3yEMBIMH MOYKHO HAa3BaTh:

« Mogens Spalart-Allmaras;

« k-epsilon monenu (cranmapthas K-& momens, K-¢ Henuuelinas (KBaapaTud-
Has), peHopManm3anuonHas K- monens (RNG), realizable k-& monens);

o k-w momenu (cranmaprtHast K-w Mozens, K-W Mo/ienb ¢ mepeHOCOM KacaTelb-
HBIX HaNpsDKEHUH);

o SST (Shear Stress Transport) mozens,;

« Monens Hanpspkenuit Peiitnonbaca (RSM);

o Mopenb 6onpmx BUXpeBbix cTpykTyp (LES).

K coxanenuto, He CyIIECTBYeT YHUBEPCAIBHOW MOJEIH TYpOYJIEHTHOCTH,
KOTOpass ObI MOTJIa MCIIOJL30BAThCS ISl BCEX KIJIACCOB TEUCHMM W 3adad. BriOop
TypOyJICHTHOW MOJICNIM 3aBUCHUT OT TaKHMX IapaMETPOB, Kak (PU3MUECKHE SBICHUS,
MPOUCXOMSIINE B  TOTOKE, YPOBEHb TpeOyemMoll  TOYHOCTH, JOCTYITHBIC
BBEIYHMCIIUTEILHBIE  PECYpChl, MW  KOJIMYECTBO  BPEMEHH, JOCTYITHOE  JUIA
MoaenupoBaHus. UTOOBI CAenaTh caMblii MMPABUIIBHBIN BHIOOP HEOOXOIMMO OIICHHTH
BO3MOYKHOCTH M OTPaHUUYEHUS PA3TUIHBIX MOJICTICH.

Tounoe pemenue ypaBHeHnii HaBbe-CTokCca ¢ BpEMEHHON 3aBUCUMOCTBIO ISt
TypOyJICHTHBIX TEUEHHW C BBICOKUMU 4YHUCIaMu PelHolblica B  CIIOXHBIX
r€OMETPUYECKUX KOH(UTYpaALUAX SBISECTCS MPAKTUYECKU HEBO3MOXKHOM 3ajadyeil Ha
COBpPEMEHHOM OJTare. J[Ba albTepHATHBHBIX METOJa MOTYT HCIOJb30BATHCSA IS
npeoOpa3zoBanus ypaBHeHuid Hare CTOKCa TakuM CHOCOOOM, TPU KOTOPOM
KpyIHBbIE TypOYyJEHTHBIE KOJIeOaHUSI HEMOCPEJICTBEHHO HE MOJCIHUPYIOTCA. ITO
MeToabl ocpenHeHus PeitHonmpaca wu  dunsTpoBanme. (O06a MeToga  BBOMST
JOTIOJTHUTENBHBIC CIaraeMble B OTPEICIIAIONINE YPAaBHCHHS, KOTOPBIC JOJKHBI OBITH
CMOJICITUPOBAHBI, YTOOBI 3AMKHYTh CUCTEMY YPaBHCHHM.

Ocpennennbie 1o Pelinonmpacy ypaBHenus Haebe Crokca (RANS),
MIPEICTABIIAIOT COOOW TPAHCIIOPTHBIC YPaBHEHHS IS CPEAHHX XapaKTePUCTHUK
TEUYCHUS, C YIETOM BCEX MAacCIITa0OB TypOYyJEHTHOCTH. TakoW MOJXO[ IMO3BOJISICT B
3HAYNTEIHLHON CTETICHH YMEHBIINUTH BBIYMCIUTEIbHBIC 3aTPaThl. ECIM ycpeaHeHHBIH
MOTOK SIBJSIETCS YCTOMYMBBIM, TO OTPEICIAIONINE YpaBHEHUS HE OyayT comep)kKarhb
MIPOU3BOJIHBIC TI0O BPEMEHU M TaKUM OOpa3OoM YCTOWYMBOE PEIICHHE MOXKET OBIThH
MOJIYY€HO JTOCTATOYHO SKOHOMHUYHBIM CITOCOOOM. BhIumcimTenbHOE MPEeUMyIeCTBO
HAOJIOMACTCSl TaKXKe B TMEPEXOJHBIX CHUTyaIlUsAX, TaK Kak Imar 1O BPEMEHH
ornpenaensieTcss T00aabHOW HEYCTOWYMBOCTBIO B OCPEJHEHHOM IIOTOKE, a He

20



TypOYyJICHTHOCTBIO.

LES mMonens oOecrnieunBaeT ajabTEPHATUBHBIA TMOAXOJ, B KOTOPOM OOJbIINE
BUXPH MOJICTUPYIOTCS C BPEMCHHOH 3aBHCHMOCTBIO, KOTOpas HCIOJB3yeT P
"prrbTpoBaHHBIX" ypaBHCHHH. DHIBTpOBaHHWE - IO CYIIECTBY MAaHHIYJISAIAHA C
TOYHBIMHA ypaBHeHUsIMH Hapbe CTokca, 4TOOBI HM30aBUTHCA OT BHUXpEH, pa3Mmep
KOTOPBIX MCHBIIIC YeM pa3Mmep (PpriibTpa, KOTOPHIH OOBIYHO BBIOMpACTCS KaK pa3Mep
suetiku. Kak wu ycpegnenuwe PeitHonmbaca, mporecc GUIBTPOBAHUS CO3JACT
JOTIOTHUTEIbHBIC ~ HEW3BECTHBIC  CJaraémbple,  KOTOPHIE  JOJDKHBI  OBITH
CMOJICTTUPOBAaHBI, YTOOBI  JOCTUTHYTH 3aMKHYTOCTH  CHCTEMBl  paBHCHHIA.
CraTucTUYECKHE JaHHBIE O CPEIHUX 3HAYCHUSIX IMOTOKA, KOTOPHIC MPEICTABISIOT
HaWOOJIBIITUN TEXHUYECKUA WHTEPEC, KOMMYIHPYIOTCS BO BPEMsI MOJCITUPOBAHUS C
BPEMCHHOMW 3aBHCHMOCTBIO [24].

1.6 Ocpennenne PeiinoJibaca

B ocpennenun PeitHonbca iepeMeHHbIE B MTHOBEHHBIX TOYHBIX YpaBHEHUSX
HaBpe Crtokca, mpeoOpasyroTcss B cpeaHue (OCpeIHCHHBIC IO aHCaMOJI0 HIIH
BPEMEHH ) U KOJICOTFOIINECS CocTaBIsttonue. [[iisi KOMITOHEHTOB CKOPOCTH MMEEM:

u =u, +u, (19)

U ¥ U CpeIHHE ¥ MIHOBEHHBIE KOMIOHEHTHI ckopoctH (i = 1, 2, 3), rue:

0 =—— [udr. (20)

T, 0o

[pu stom U, =0, a uu, #0.
AHAIOTHYHO, JUISl IABJICHUS. M PYTUX CKAISAPHBIX BEINYHH HMEEM:

b=6+4. (21)

Hcnonb3ys 3TH BbIpaKE€HUSA U TMPOBEAS COOTBETCTBYIOLIME MPeoOpa3oBaHUs
JUIS1 3AKOHA COXPAaHEHUS UMITYJIbCA MOJTYyYHM:

(22)

O (a4 pu )= 2P, O [ U 0, 2, 0,
x, TR e T | Mk T a3 ex,

OcHOBHOI 3amauelt TypOyJEHTHBIX MOJENEH SBISETCA OINpEeAeICHUEM

ciaraemoro pu, u'j . TpancriopTHOE ypaBHEHHE JJIsI STOM BEIUYUHBI MOKHO MOJIYYUTh

B pe3yjibTare KOMOWHHMPOBAHHS OCHOBHOTO YpaBHEHHs 3aKOHA COXPAaHECHUS
UMITyJIbCa U BBIpaKEHUs (22). DT ipeoOpa3oBaHus MOAPOOHO MPUBEACHEI B paboTe

[25]. B o61miem ciyuae st ui' u'j MOYHO 3aIKcaTh CIEAYIOIIEe COOTHOIICHHE:!
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K a)i(_ : :Tij + Pij +q)ij — &+ (23)
B ypaBHenuu (23)
- TTH uJ —_
U, —— - KOHBEKTHBHBII MepeHoc U, u

T, - mupdy3HoHHBI MepeHoc U,U; ompeenseTcs Kak:

——  ouu,
T, _ 9 uuu; —v—— + L (6,u +6,u)], (24)
' OX : X, p

0 (——
—(ukuI J) 1 dy3uOHHBINA EPEHOC 3a CUET KOJIeOaHUI CKOPOCTH,

OX,
0 ouu, .
—| —v——— | - Bsa3Kkaa nuddy3us, Tpu BHICOKMX 4yHuCiax PeliHonbaca 3TUM
OX, OX,
cllaraéMbIM MOKHO MpeHeOpeyb.
0 . .
v P (5 u +3o,u. ) - 1uddy3uoHHBI TEpeHOC 3a cueT KojebaHui
X,
JTaBJICHHUS

P, - TIPOM3BOACTBO U,U; ¥ ONpEENSETCS Yepe3 COOTHOLICHHE:

T T— Ty
P, =-uu,—--uu, “ou (25)
“oX, 8x

cDij cJ1aracMoc € ydCcToM JIaBJICHUA U HAIIPSKCHUA:

o ou, 8u_ 26)
pkax OX,
gij - BA3Kasi JUCCHUIIallvsA
ou; ou
g, =2y M (27)
OX, OX,
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1.7 I'pynna k-& Mmojejei TypOyJeHTHOCTH

B nmanHyro Tpymimy BXOISAT HECKOJBKO Pa3IMYHBIX MOJEJICH: CTaHIapTHAS K-€
MOJIeJIb, peajar3yeMas K-¢ MOjelb U mnepeHopmupoBanHas k- ¢ mogens (RNG). Bee
TPU MOJICNIM MMEIOT TOXO0XYI0 (GopMmy ypaBHeHud miasi K u & [26]. OcHoBHBIC
Pa3IUYIUs STUX MOJIETICH B CIIEAYIONIEM:

« METOJ] BEIYUCIICHUS TypOyJICHTHON BSI3KOCTH,

« TypOynentHele uyucma [lpanaTns,  ympaBisione  TypOyJICHTHBIM
pacripocTpaneHueM K u €,

« CJaraeMoe, OIpeaeNsIoniee MPOU3BOJCTBO U JECTPYKIMIO B YPaBHCHUH IS

TpaHncriopTHbIE ypaBHEHUS, METOJbl BBIUUCICHUS TYpOYJIECHTHOM BSI3KOCTH U
KOHCTAHT MOJEJIEH MPeACTaBIAIOTCA OTIASIBHO sl Kaka0i Moaenu. OcoOeHHOCTH,
KOTOpBIE MO CYIIECTBY XapaKTEPHBI JJisI BCEX MOJIENEH, BKIIOUAIOT TypOyJIEHTHOE
MPOU3BOJICTBO, OOYCIIOBJICHHOE TIJIaBYYECThIO, C yueTOM 3(P(HEKTOB CKUMAEMOCTH U
MOJICTUPOBAHUS TEILJIO MacCoIepeHoca.

Metoa Byccunecka. Metoa ocpeHeHus o PeiiHoIbaCy 1711 MOACTMPOBAHUS
TypOyJEHTHOCTH TpeOyeT pelleHus YpaBHCHHWH MJid HamnpsokeHuid PeliHonbaca B
ypaBHEHHUH JJIs1 uMITyJibca. OOBIYHO HCIIOIB3YyeTCs TurnoTe3a byccunecka [27], koTo-
pasi CBA3BIBACT PElHOJIbICOBBIE HANIPSXKEHUSI C OCPEIHEHHBIMU T'PaAUE€HTaMU CKOPO-
CTEH:

—_ ou  Ou 2 ou.
—pul; = p a—X'JF? ~3 Pk+ﬂta—x' Oy . (28)
j i

i

RNG k-¢ momean. RNG k-¢ momenb TypOyJCHTHOCTH TMOJIydaeTcsl U3
MTHOBEHHBIX YypaBHeHuUW HaBbe-CTOoKca ¢ HCHOJB30BAaHUEM MAaTEMAaTHUYECKOTO
MeTona "TPyNmoBOro MEpEeHOPMUPOBaHUS". AHATUTHYECKHE TPeoOpa3zoBaHUs
OPUBOASIT K MOJEIM C TIOCTOSHHBIMHU, OTJIMYAIOIIMMHUCS OT TIOCTOSIHHBIX B
CTaHIapTHOW K-& Mojenaw, ¥ IOMOJHUTCIBHBIMUA YiIeHAaMH W (QYHKIHUSIMUA B

TPAHCIIOPTHBIX ypaBHeHHX st K 1 €. [TonpoOHO 3Ta Moaenb onucada B pabore [29].
3amuiieM OCHOBHBIC TpaHCIIOpTHBIE ypaBHeHuUs it RNG k-g Mmoenu:

dk 0 ok

P dt = ax O\ Hegr ax +G +G, —ps Y, (29)
de 0 oe & &’

Pt~ o | Bt 5 +C15E(Gk +ngGb)—ngP?— R. (30)

B »tux ypaBHenumsix Gy mpeacTaBisieT MPOU3BOJACTBO TYpOYyJIEHTHON
KMHETHYECKOW PHEPruu 3a CYeT IpajueHTa cpeaneit ckopoctu. Gy, — MpoOU3BOICTBO
TypOyJICHTHOM KMHETHUYECKOW PHEpPruM 3a CUEeT IJIaBYy4eCTU. Y,, YUYUTHIBAET BKJIAJ
KOJICOJTIOMIETOCS PACIIMPEHUS] B CKUMAEMON TYpOYJICHTHOCTH B TOJIHYIO CKOPOCTH
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JAMCCHIIAIMU. ¢, W ¢, - oOparHble >pdektuBHble uncna [lpanntas mig K u e,

COOTBETCTBEHHO.
MonenupoBanue »¢pdextuBHON Bsizkocth B RNG Teopum mnpuBoguT K
nudepeHranTbHOMY YPaBHEHHUIO JJIs1 TYpOYJIEHTHOM BS3KOCTH:

A

2 A
d /’Tk =172 —~dv, (31)
e yvi-1+C,
N
rae v = :
u
C,~100.

VYpaBuenue (31) wuHTErpUpyercs, 4TOObI MOJYYNUTh TOYHOE OMHCAHHUE TOTO,
KaKk dA(QPexkTuBHBIA TYpOYJIEHTHBIM TIEPEHOC MEHSETCS B 3aBUCUMOCTH OT
s dexTuBHOTO yncna PeitHonbaca (wm maciiTada BUXpsi), TO3BOJISISE MOJIEITH JTyYIle
paboTath Mpu HU3KUX yuciax PeliHobaca U IPUCTEHHBIX TEYCHUSX.

B npubnmxennn Oonbiux uncen PeiiHosbaca ypaBaenue (31) maet:

u =0, @2)
&

rae C, = 0.00845 onpenensercs us treopun RNG.

B 3akpydeHHBIX MOTOKax B JAHHOW MOJENIM MOKHO y4ecThb BIUSHHE dPPekTa
BpalleHUs] Ha TypOyJEHTHYIO BS3KOCTb C MOMOIIBIO  (PYHKIMOHAIBHOIO
COOTHOILICHHUS

=, f[as,ﬂ,gj, (33)

/€ (i, - 3HAYEHUE TypOYJNEHTHON BS3KOCTH, BHIMUCIEHHOE 0€3 y4eTa BpalleHHs, C
nomoineto ypaBHenus (31) nim (32);
Q) - XapaKkTepHOE YHCIO 3aKpyTKH, ¢,  TIOCTOSHHas 3aKpyTKH, B

3aBUCUMOCTH OT CBOMCTB 3aKpPYUEHHOTO TTOTOKA.
Jns onpeneneHus oOpaTHbIX 3¢Q¢exTuBHbIX uucen Ilpanamns o, u a, B

mozenu RNG ucrnonb3yercs COOTHOIIEHHE:

(13929 a+23020["" g, | (34)
@, -1.3929|  |a, +2.3929| Hg
rae o= 1.0.
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ITpu BeICOKMX yKcnax PeitHonbaca Hrot <1 @, = o, =1.393.

Hegr
['maBHOe pazmuume mexay RNG Momenbio u craHmapTHON K-& MOZIENbIo
3aKJIF0YAETCS B HAJIMYUU JONOJHUTENBHOIO ujieHa R B ypaBHEHUU 1A €:

c.on’lt-"T|
n, )&
T (%)

Sk
roe n=—-o1,
£

n,=4.38,
B=0.012.

C yuerom (35) ypaBHenue s TypOysenTHOU muccunarwu (30) 3amumiercs B
BUJIC:

de 0 o€ £ g’
de_0 o8 e, 36
Pt OX. P (36)

n
C,on’l1-—

1+ pn’

0

rne C, =C,,

[TocTostaasie RNG monmenu onpenensitores kak: Cr,= 1.42 u C,, = 1.68.

Realizable k-¢ moxean. B ocHOBe naHHOW MOICIH JIGKUT HPEINOIOKEHUE O
TOM, YTO CHCTE€Ma YpaBHEHUU MJisi TypOYJETHBIX XapaKEeTPUCTUK YIOBIETBOPSET
OTIPEICTICHHBIM MAaTeMATHYCCKUM OTpPaHUYCHUSAM Ha HOPMAJbHBIC HaNPsHKCHHS,
napayuIesbHO ¢ (PU3UKOM TypOyACHTHBIX TeueHui [28]. B aTol Moaenu yunThiBacTCs
oOBeMHEeHNe COOTHOMICHN byccruHecka u onpeneneHus TypOyJIeHTHOM BSI3KOCTH B
BUJIC CJICAYIONIETO BBIPAXKEHUS JUIsl HOPMAJbHOTO HampsbkeHwsl PeliHonbaca B
HEC)KMUMAEMOM HaIPsS>)KEHHOM OCPETHEHHOM MOTOKE:

u_zzzk—tha—u. (37)
3 OX

Hcnons3yst ypaBuenwe (31) must v, yal NPUXOAUM K BBIBOAY, 4TO

HOPMAJIbHOC HAIIPsSHKCHUE, KOTOPOC IIO OMNPCACICHHUIO ABJIACTCA ITOJOXHUTCIbHBIM,
CTAaHOBHUTCA OTpHULATCIbHBIM, TO €CThb, "H@OCYH_IGCTBI/IMBIM", B TO BpEMA KakK
HAIpsHKCHUEC ABJIACTCA JOCTATOYHO 60J'II>IHI/IM, YTOOBI YAOBJIICTBOPUTb COOTHOIICHUIO!
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kou 1 37 (38)
gox 2C,

Realizable k-¢ monens, mpemnmoxennas Shih m np. [29], mampaBiena Ha
UCIIpaBJICHNE HEJOCTATKOB TPAIUIIMOHHBIX K-& MojIeNel, MPUHUMAas BO BHUMaHHE:

« HOByIO (opMmyny iss TypOyJCHTHOH BSI3KOCTH, YYHMTBHIBAIOIIYIO TaKKe
3HauyeHue C,, HepBOHAYAIBHO NpeIoKeHHoe PeltHonbacom;

« HOBOC MOJICJIbHOE YpaBHCHHE Ui JWCCHUITAIMK &, OCHOBAaHHOE Ha
JTMHAMHYECKOM YPaBHCHHHU CPETHEKBAIPATHUCCKUX BUXPEBBIX KOJICOAHHH.

TpaHcropTHBIE YpaBHEHHI B Pean3yeMOit K-& MOIeH 3alTUChIBAIOTCS B BH/IC:

dk 0 u | ok
— + = |—|+G, +G, —pc-Y,, 39
Pat " (u thaxj Gy —pe Y, (39)
dg 0 U, | o€ g’
+— |— |+ pC,S +C, C .G,, 40
Pt ox, [“ ag]@xj P~ pCyy o+ Cu (40)
rie Clzmax{0.43,i]
n+5
Sk
n=—. (41)
&

MopenupoBanue TYpOYJICHTHOM BSI3KOCTHM B pealu3yeMol MOJCIH KaKk B
npyrux K-g Monensx, onpeaenseTcs Yepe3 N3BECTHOE COOTHOIICHHE:

-, (42)

Pasznnume 3akmodaerca B TOM, uro C, OoyblIe HE SBIAETCA NMOCTOSHHOM M
OTpeIeIIIeTCS Yepe3 COOTHOIICHUE:

c -+ _ —, (43)
A+A
&
rie
u = \/SijSij + éij éij . (44)
éij = fT” — 38ijka)k , (45)

rae (), TEH30p CpEIHEH CKOPOCTH BpAlICHUs, BO BPAIIAIOMICHCS C YIJIOBOM

ckopocThlo cpezie. [Tocrosuubie Mmonenu Ag = 4.04u A, = J6 COS¢, T1e:
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= %arccos(\/_G\N )

W = Sijsjkski
S
S=/S S . (46)

Ormerum, uro C, sABagercd (yHKIHMEH CPEJHEro HANpsDKEHHS, CKOPOCTH
BpAIICHHS, YIJIOBOW CKOPOCTH BPAIICHHS U TI0JIeH K 1 &.
[TocrostHHBIC B MOJe)d UMEIOT 3HaYeHus [30]:

C,,=144nC,=190,0,=1.0,0,=1.2.

CranpaptHas k-&¢ Moaesb. CTaHaapTHas K-& MOJENb NPEACTABIAET COOOU
IPOCTYIO ABYXIApaMETPUUECKYI0 MOJIENb TYpPOYJIEHTHOCTH, B KOTOPOH pelarTcs
JIBa YpPaBHEHHsI NEPEHOCA, OMNpEAENsItone TypOyJIEHTHYI0 CKOPOCTb M MAacIITad
mmHbl. CrangaptHas K-¢ Monenb TOdydmia IIMPOKOE MPUMEHEHUE B PEIICHUU
MHOTHX TeXxHUYeckux 3amady. OnHa BrHepBble Obula mnpeioxeHa JlayHnepom wu
Crnommauarom [31]. YcTOHYMBOCTB, SKOHOMHYHOCTh, M pa3yMHas TOYHOCTH JUIs
HIMPOKOIrO JHANa3oHa TYpOYJIEHTHBIX IMOTOKOB JI€laeT €€ Haubojee MPUMEHUMON B
NPOMBINUICHHBIX 3aj1adyax. lloctosiHHbIE KOA(D@UIMEHTH 1 3TOH  MOJENU
TypOyJICHTHOCTH TOJY4Y€Hbl ONBITHBIM IyTEM M TIO3TOMY OHa SBJISETCS
MOJIY3MIIUPUYECKOM.

B cranmapTHOii K- MoieNn 3anKMChIBaeTCS IBA OCHOBHBIX YPaBHEHUsI IIEpEHOCA
TYpOYJICHTHBIX XapaKTePUCTHUK K U &:

dk 0 u, | ok

—=— + = |—|+G +G, —pe-Y,, 47
Pt ox L,U aJ@Xi TG, —pe =Y, (47)
de 0 U, | O¢ & g’

—=— +—|—1|+C_.—(G, +C,G,)-C, p—. 48
pdt aXI (IL[ ijaxi le k( k 3¢ b) ng k ( )

TypOynenTHass BS3KOCTh [ ONPEACIICTCS C TOMOIIBI0 COOTHOIICHHS
[Mpanarns-Koamoroposa [32]:
2

u=C pX, (49)
&

7]

rae C, — SMIIMpuYecKast KOHCTaHTA.

DMOUpUYecKre KOHCTAHTBI K-& Mojaenu TypOyJIeHTHOCTH MPEIOKEHbI B pa-
oote [34]:

C,=0.09; 0, =1.00; 6. = 1.30; Cy. = 1.44; Cp, = 1.92. (50)
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Cnaraemoe Gy ompenensieT NPOU3BOACTBO TYpOYJIEHTHOM KHHETUYECKON
SHEPTUU, MOJIETUPYETCS C MOMOIIBIO COOTHOIICHHUS:

G, =—puu, Pt (51)

Omnwupasch Ha NOJ0KEHUs TeopuH bycnHecka, MOYKHO 3alMCcaTh:
G, =uS?, (52)
rze S - MOIyJib CPETHETO TEH30pa CKOPOCTEN U HANPSKEHUH, ONIPEIETICHHOIO KaK:
S=,/25;S; . (53)

Jis onpenenenus S; COpaBeIMBO CIELYIOIIEE COOTHOUICHHUE:

- Ou.
_lpou A (54)

"o2lox, ox,
['paHuuHbIe yCNMOBUSA 7S JAHHOM MOJENU TYpOYJIECHTHOCTH OIPEICISIOTCS
CJIEAYIOIINM 00pa3oMm:

2 v
K., :1.5(ui einTu) - 3HaYCHHE KWHETUYECKON HPHEPTHHM TYpOYJICHTHOCTH Ha
u|2 %
BXOJI€, I TeXHUUeCKuX npmwioxenut Tu=| — | =0.05...0.2;
u
k%
7 .
&4, =C,” — - 3HaueHHE CKOPOCTH JUCCHIIALMU HA BXOJIC;
m
ok oe _
— =0, — =0 - mpou3BoHAs, HOpMaJIbHAs K INIOCKOCTH BBIXO/A,
axi normA i InormA
ok o€
— =0, — =0 - nmpows3BomHas, HOpMajdbHasg K TUIOCKOCTH
OX, :
norms I'Inorms
CUMMETPHH,
& . ,=0 - 3HaYCHHE HA CTCHKAX;

k

=0 - 3HauyeHWE HA CTECHKAX.

rand

Bospocuime TpeboBanusi Kk 0€30MaCHOCTH U MPOTHO3UPYEMOCTH TOBEACHHUS
UCCIIEYeMbIX MPOIECCOB M SBICHHNA B TEXHHUUYECKUX NPUIOKEHHSIX, a TaKKe
NPOM3BOJIUTEILHOCTE ~ COBPEMEHHBIX  CYNEPKOMIIBIOTEPOB  00yCIaBJIMBAIOT
CYIIECTBEHHOE YCJOXHEHHE pa3padaThiBaeMbIX MoJeNel TypOYJIeHTHOCTH, YTO
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MO3BOJIIET TOYHEE OIMUCHIBATh (U3NYECKUE sBIeHUSA. [IpuMeHeHHEe MOTO0HBIX
MOJIeJIeH JJIsi pacueToB PEarupyronIux TEYSHHH B 0OJACTSIX peabHON T'e€OMETpHH
TpeOyeT OOJBIIKX 3aTpaT MAITMHHOTO BPEMECHH.

B pamkax gmccepranM HCCIEAYIOTCS TMPOIECCH TeruioMaccooOMeHa B
pearupyomux TedeHusx. [loaToMy siBieHHs TypOYJICHTHOTO TIepeHoca HeoOX0IuMo
YUUTHIBaTh W TPU MOJICIIMPOBAHHWH IPOIIECCa CTOpPaHHS TMPOAYKTOB MHposm3a. B
pamMKax JaHHOW pabOThl HCIONB3YEeTCS MOJENb, B TMPUOMMKEHUH MTHOBEHHOTO
MepeMEIBaHusI, B KOTOPOM HET HEOOXOAMMOCTH pemaTh JOTOJHUTEIHHO
ypaBHEHHE TiepeHoca. B 0CHOBe MaHHOTO MPUONMKEHUS JICKHUT MPEANOIOKEHUE O
TOM, YTO KPYITHOMACIITaOHbIE BUXPHU, XapaKTepU3yeMble dHEPTUEH TypOYyJIECHTHOCTH
K, ycKopslOT MakpOCMEIIWBaHWE, a JUCCHITALNS JSHEPTrUU TYpOYJIECHTHOCTH &
yCKOpsieT MUKpocMennBanue. CiieoBaTebHO, CKOPOCTh CTOPAHUs JETYYUX MOMKHO
CBsI3aTh C XapakTtepucTukamu K-g& - momenu. Kpome Toro, BeIOOp cTaHmapTHOH K-&
MOJIeJH TypOYJIE€HTHOCTH OO0YCIIOBJIEH TE€M, YTO JaHHAs MOJAEIb JOCTATOYHO XOPOIIO
3apekoMeHmoBana cebs mpu mnpoBenennn CFD  wmccnmepgoBanmit m Tpelyer
CPaBHUTEIHHO HEOOJBIITUX KOMITBIOTEPHBIX 3aTparT.
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2 MOJAEJIMPOBAHUME ITPOLHECCOB TYPBYJIEHTHOI'O I'OPEHUSA
TBEPAOI'O IIBUVIEYI'OJIBHOI'O TOIIJIMBA

2.1 O0630p OCHOBHBIX METOHAOB HCCJEI0BAHMS TYpPOYJEHTHOr0 TrOpeHHs
TBEPAOT0 TOILIUBA

He3zamenumbiM 3 GhEKTUBHBIM METOJOM TEOPETUYECKOrO0 HCCIEAOBAHUS
TEYEHUN XHMHYECKH DPEArupyrolux Cpei SBISETCS YHUCICHHOE MOJCIUPOBAHUE.
OTOT MOAXOJA B HACTOSALIEE BpPEMsS MHTEHCUBHO Pa3BHBAETCS BO MHOTMX CTpaHAX:
CTPOSITCA YCOBEPILICHCTBOBAHHBIE MOJENIH, KOHCTPYUPYIOTCSI HOBBIE YHWCJIEHHBIC
QITOPUTMBI, TMPOBOAATCA  PA3HOOOPA3HbIE  BBIYUCIUTENBHBIE  AKCIIEPUMEHTHI.
YucneHHOE MOJEIUPOBAHUE MOXKET OBbITh HCIIOJIB30BAHO MJS TPEACKAa3aHUS |
U3YYCHUS TIOBEICHUS CIOXKHBIX (HU3NYecKux cucteMm. Jns Toro 4ToObl AaTh
KOJIMYECTBEHHO MPaBUJIbHBIE MPEACKa3aHUsl, MOJEIMPOBAHUE JOJDKHO OMHUCAaTh Kak
OTJEJIbHBIE MPOILIECChl, JEHCTBYIOIIME B CUCTEME, TaK U HUX B3aUMOJIECHUCTBUE.
Maremartuueckass Teopusi TYpOYJIEHTHOCTH JO HACTOSIIErO0 BPEMEHH OTCYTCTBYET
[32]. B nmocnemHue pgecATHICTHS HEKOTOPOE pPAa3BHTHUE MOJYYMIO TPSIMOE
MOJICIUPOBAaHUE TYpOYJIEHTHOCTH HAa KPYMHBIX BBIYUCIUTEIBHBIX CHUCTEMAX,
aKKypaTHas peaiu3aius KOTOpPOro, OJHAKO, COMPsHKEHAa ¢ TPYIHO MPEOI0JIMMBIMU
BBIYHMCIIUTEILHBIMU 3aTpaTaMu ceiiuac u B OrbKaifiiien nmepcrneKkTrse.

Hapsiny ¢ mnpsMbIM MOJEIMPOBAHHUEM, PA3BUTHE TaKXKe IOIYYUIO MEHee
TPYJOEMKOE MOJEIUPOBAaHUE TypOYJIEHTHOCTH HAa OCHOBE YIPOILEHHOIO IMOAXOJa,
HaIlpaBJICHHOE Ha BBIJICJIIEHUE OCHOBHBIX OCOOEHHOCTEH TYypOYJIEHTHOCTH, TakK
Ha3piBaeMoe MozenupoBanue Oonbimx Buxpeit (Large Eddy Simulation - LES). [l
TypOyJICHTHOT'O TOPEHHUS Ta30BbIX TOIIMB XapaKTEPHO TECHOE B3aMMOJIEUCTBHE (PU-
3UKO-XMMHYECKUX TPOIECCOB, CPEIU KOTOPHIX OCHOBHBIMHU SIBISIOTCS TypOYJICHT-
HOCTb, XUMUYECKUE PEAKIIUU U JYYUCTHIN TeraooOMeH. B cBsi3u ¢ 3THM, YHUCIEHHOE
MozenupoBanue TypOynentoro roperus (Computational Combustion) odopmusoch
KaK Ype3BbIUYAHHO CII0KHOE HAYYHOE HAIPaBJICHUE BBIYMCIUTEIBHONU THAPOIMHAMHU-
ku (Computational Fluid Dynamics, CFD). Oto Hanbonee HHPOPMATUBHBIN MTOAXO/I,
NO3BOJIIOIIMHN BBIMOJIHUTH KOJUYECTBEHHBIE PAacyeThl MOJIEH CKOPOCTH, TEMIIEpaTy-
pBI, KOHIIEHTPAIMi OCHOBHBIX KOMIIOHEHTOB, TETJIOBBIX TTOTOKOB U JAPYrux (husmye-
ckux BenuuuH [33].

K HacrosimieMy MOMEHTY pa3paboTaHbl pa3HOOOpa3Hble MAaTEMaTHYECKUE MO-
nenu st pacu€ra TypOyJIGHTHBIX TE€UEHUH, TypOyJIEHTHOIO TOpPEHUs U MepeHoca
TEIJIOBOrO M3inydeHus. bosee Toro, co3gaHbl MOIIHBIE BRIUMCIUTENbHBIE IPOTPAMM-
Hele koMmiiekcbl (FLOREAN, Ansys Fluent u npyrue), B KOTOPBIX peali30BaHbI
yKa3aHHble MareMaTtuyeckue Mojeid. HakoHel, BO3MOXKHOCTh pacrapasuieliiBaHus
BBIUHCIICHU U OBICTPOE Pa3BUTHE BHICOKOMPOU3BOIUTEIHHBIX BHIYUCIUTEIBHBIX CH-
cTeM mo3BoJisieT dP(HEKTUBHO MTPOU3BOUTD JACTaTbHBIEC PACUETHI HAa CETKAaX OOJIBIION
pazmepHocTi. Hanbosiee BaKHBIM BONPOCOM SBIISIETCS JOCTOBEPHOCTh PE3YJIbTATOB
pacdy€ToB M UX COOTBETCTBHE IKCIIEPUMEHTAIBHBIM JaHHBIM. Takum 00pa3oM, BHU-
MaHHUE JaHHOW paboThl CPOKYCHPOBAHO HA CIIOCOOHOCTH COBPEMEHHBIX MaKETOB BbI-
MOJTHATH PacyET TypOYJISHTHBIX IUIaMEH ¢ TpeOyeMoi TOUHOCThIO [34].

JUIst AOCTHKEHUS 3TOM LIENU MPEIaraeTcsi pacCMOTPETh MOJIEIIBHYIO 3a7a4y —
XOpOIIO JOKYMEHTUPOBAHHOE CTpyHHOE nupPy3uoHHOE TIaMs, ISl KOTOPOro uMe-
I0TCSL JJOCTOBEPHBIE W JI€TaJbHbIE PE3YJIbTaThl U3MEPEHUN OCHOBHBIX (PU3MUECKHUX
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BeJInurH. CpaBHEHHE C pe3yJIbTATAMU U3MEPEHUN MO3BOJISIET BBIIBUTh MOJAEIH TYp-
OYJI€HTHOCTH M TOPEHHs, KaK PEKOMEHAyeMbIe, TaK U TMOJHOCTHbIO HENpHUEMIIeMbIe
JUIS TaHHOTO KJiacca 3ajady. B kauecTBe BBIYMCIUTEIBHOTO MHCTPYMEHTA B JTAHHOMU
pabore ucnonszyercss FLOREAN. OnHuMu 13 HHTEPECHEHIIINX U MOJIE3HBIX ¢ TOYKU
3pEHUS MPAKTUYECKOTO MTPUMEHEHUS SIBJISFOTCS. BOPOCH MOJIEIMPOBAHUS TEMJIOMAC-
COMepeHoca MpU HAIMYUU (PU3MKO-XUMUYECKUX IMPOIECCOB B 0OJACTAX peabHOU
reoMeTpuu. TakuMu 0O0JacCTSIMHU SIBISIOTCS KaMephbl CTOPAaHMS Pa3TMYHBIX TEIIO-
HSHEPreTUYECKUX YCTAHOBOK, IBUTATEIM BHYTPEHHETO CTOPAHUS U T.II.

PaccmoTpeHne 3THX BOMPOCOB SIBISIETCS aKTyaJIbHbIM B CBSA3U C KOHIIEIMIIHUEH
IHEPTreTUYECKON OE30MacCHOCTH CTPaHBI C OJHONU CTOPOHBI, U Pa3pabOTKOM MPOIIECCOB
«UUCTOTO CKUTAHUS) TOIUIMBA C COOJIOICHWEM CTPOTHX HOPM BBIOpOCA BPETHBIX
BEIIIECTBA B aTMOC(EPy U SKOHOMUYHBIM HCIOJIb30BaHHEM O000PYIOBaHUS C JIPyron
cTopoHsI [35].

2.2 Ilpouecc ropeHusi NbIJIEBUIHOI0 TOIJIMBA U OPraHU3alMs €ro C:KUTa-
HUA B TOMOYHOM Kamepe

3a cyeT TypOyJIEHTHOrO TEIJI000MEHa MPU IKEKIUUA TOPSIUX MPOTYKTOB CTO-
paHus B TOTPAaHUYHOM CJIO€ HAYAJIBHOTO YYacTKa CTPYU MBUICBO3/YIIHAS CMEChH
HarpeBaeTcsl M BocruiameHsieTcs. [lpu TypOyiaeHTHOM MaccooOMEHEe COBEpIaeTcs
nepeMenIMBaHue MEPBUYHOTO BO3/1yXa, COJEPIKAIIEro YyroibHYIO MblUIb, CO BTOPHY-
HBIM. DTO TIepeMEIIMBaHNEe 00ECIIeYNBACT PH YCTOMYNBOM BOCIUIAMEHEHUN HWHTCH-
CHUBHOE BBITOPAHKE TOTLIMBA B TEUYCHUE KOPOTKOTO MMPOMEKYTKA BPEMEHHU.

CrnenoBaTenbHO, IPU U3YYEHUU TOPEHUS MbUIM B akese JTO0KHbBI ObITh yuTe-
HBI ciieayronue GakTopshl:

1) HEmocpeACTBEHHOE XMMHUYECKOE pearupoBaHKe MPOUCXOIUT HE B UCXOTHOMN
MBUICBO3IYIITHOM CMECH, a MOCJe €€ CMEIICHUS] ¢ TOPSUYUMH MPOJTYKTaMU CrOpaHus,
T. €. pearupyroiei SBIsIeTCS MbUIETa30BO3AYIITHAS CMEChH;

2) pearupyroiiasi cMech 00pa3yeTcsi B TypOyJICHTHBIX MbIJIEBO3AYIIHBIX, CTPY-
X, PACHpPOCTPAHSIONIUXCS B Cpeie MPOIyKTOB cropanus. KoHueHTpalus mblIu B
CTPYSIX 3aBHCHUT OT MHTEHCHUBHOCTH TEPEMEIIUBAHUS, KOJIMYECTBEHHOIO pacmpesie-
JICHUS BO3/lyXa Ha MEPBUYHBIN U BTOPUYHBIN U CIIOCO0a BBOJa BTOPUYHOTO BO3/yXa;

3) ucnosb3yemasi Il COKUTAHUS Ha DJIEKTPOCTAHIUSX B KadeCTBE TOIUIMBA
YTOJIbHASI MBI SBJISETCS MOJUAUCIIepcHON. B o0mielt peakiiuOHHONW CMECH YaCTHUIIbI
Pa3HBIX pa3MEpPOB PEarHpPyIOT C Pa3IMYHON WHTEHCHBHOCTHIO TIPH PA3JIMYHBIX TEM-
nepaTypax MOBEPXHOCTH M KOHIIEHTpalMM Kuciaopoaa y Hee. [loaTomy ropenue ux
MIPOUCXOJIUT B YCIIOBHSAX B3aUMHOTO BITUSTHHUS.

JIist uccrienoBaHus Mpolecca TOPEHUsl ¢ yUeTOM YKa3aHHBIX OCOOCHHOCTEH U
BBISIBJICHUSI ONTUMAJbHBIX YCIIOBHM €ro MPOTEKaHHsS HMXKE IMOCJIEI0BATEIBLHO pac-
CMOTPEHO TOPEHHUE YaCTHIIBI, & 3aT€M MOHOJUCIIEPCHON TIBUIM U , HAKOHEIl, TOpPEHUE
OJUAMCIIEPCHOM BTN B (akene [36].

['openue 9acTHUIIBI YTOJBHON TBUIA CIEAYeT U3ydaTh B PEKUMHBIX YCIOBHUSX,
OJM3KMX K TOMOYHBIM M XapaKTePHBIX Juid HUX. s coOoieHns XapakKTepHOTO CO-
OTHOILIEHUS «TOIJIMBO — BO3/IyX» PACCMOTPUM T'OPEHUE YACTHUIIBI B CPEE BO3/yXa,
KOJIMYECTBO KOTOPOTO OTBEYAECT MPUMEHSIEMBIM B TOIIOYHON TEXHUKE BEIMYMHAM KO-
¢ ¢unmenTa u30bITKa BO3yXa, U B CMECH 3TOTO KOJUYECTBA BO3AyXa C PELUPKYIH-
pPyEMBIMH TIPOJIYKTaMU Cropanusi. Penupkynupyemsbie ra3bl, B KOTOPBIX KO3Pduiu-

31



CHT M30BITKA BO3ayXa COCTABJACT ¥y, KOTMYCCTBCHHO BBIPAXKAIOTCA noneﬁ I OT HUC-

XOJHOTO 00beMa BO3lyXa B CTPYye, BhITeKarolel 13 ropenku[37] .

CMmelieHreM perUpKyJIMPYIONIMX MTPOYKTOB CTOPAHUs ¢ BO3IyXOM 00pasyet-
csl Ta30Bas cpejia, pearupyrolasi ¢ YaCTUIIeH, KOTOPYIO HA30BEM pearupyrolen ra3o-
BOM cMmechio. O0beM 3TOM cMecu B pacuere Ha 1 kr TommmBa — VceM. Havanbhas
TeMIiepaTypa cMmecu 1, K, cocrapmnser:

B Cgl+rc, T,

T o=—t—rr (55)

Cy +rC,

Ob6beMHast KOHIIEHTpaIus Kuciaopoaa B 3Toit cmecu C,, KI/M3, paBHa:

1+“{/‘1v°r
Co= ch : (56)
B dbopmyne:

T, u T, — TemnepaTrypa HCXOIHOH MBIIEBO3TYIIHON CMECH U PELUPKYIIH-
PYIOIIHX MPOIYKTOB cropanus, K;

r=V,/V; — creneHp penupKyIAIiz IPOLYKTOB CTOPaHUS;

V|, — KOJIMYeCTBO PEUUPKYIUPYIOUIUX IPOLYKTOB CTOPaHHH, MY/KT;

V| — KOJIMYECTBO MCXOTHOTO BO3/AyXa, M /KT;

C, i C, — TEII0eMKOCTh BO3yXa M IPOAyKTOB cropanus, kJx/(m°.K);

C®, — oObeMHast KOHIEHTPALKs KHCIOPOa B BO3AYXE, KF/MS, nput==0°Cu
p=0,1013 MlIlIa;

a, — KOd(pPuiueHT n30bpITKa BO3yXa B TOIKE;

V, — 06beM MPOLYKTOB CrOPaHHsI, M/KT, KOTOPHIi B 0GIIEM CIydae Ompe/ie-
JSIETCSI CIEAYIONICH 3aBUCUMOCTBIO:

V=V +(a, 1)V +V, . (57)

V, ,— KOJIHYECTBO BOJSHBIX IAPOB B IIPOLYKTAX CTOPAHHS, M /KT.

B caywyae cyxux TOmMB, KOrJa OOBEMOM BOJSHBIX HapoB Oe3 OoJbLION
MOTPEIIHOCTH MOKHO NMpeHeOpeyb, BeIMUMHA HaYaIbHONW KOHIIEHTPAIMH KHCI0pOaa
B pearupymoueii cMecu CoCTaBIIsIeT:

o; -1

1+r

94
G = TrTCoB : (58)

[lpumem cnemyromnlyto JIoTHUecKyto moxenb mpouecca [38]. PearmpoBanue
IPOTEKAET Ha IMOBEPXHOCTHU YAaCTHIIBI TOIUIMBA cpepudeckoi (hpopmbl; yacTula B ra-
30BOM Cpelle HaXOAUTCS B ITOKOE WIIN JABUXKETCS BMECTE C HEH C OJMHAKOBOM CKOpO-
CTBIO; TOPEHUE BBIACIAIOMIMXCS JIETYYNX U JOTOPAaHUE IPOIYKTOB HEIIOJHOTO Cropa-
HUSI TIPOUCXOJUT B 00beME ra3oBoi cpeapl. KOHBEKTUBHBIN MEPEHOC TEIia U3 CH-
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CTEMBbI OTCYTCTBYET, a JJYYUCTHIN TEMI000MEH MOJEIUPYETCS B3aUMOICUCTBUEM pea-
TUpYIOLEH cMecu ¢ oOJyyaTesneM, TemIepaTrypa KOTOpPOro MPUHUMAETCS MOCTOSH-
HOM; TEMJI000MEH pearupyrolrx YacTUll C Ta30BOM Cpeol MPOUCXOIUT ITyTEM KOH-
BeKIMU U 1P Hy3nOHHON TEIIIONPOBOAHOCTH.

Kax u3BecTHO, IpU OYE€Hb TOHKOM pa3MoJie yrieil 30ja TOIUIMBA OTACNAeTCS U
MO3TOMY B MEJIKMX YaCTUIIAX HE coiepkutTca. Mimes B BUAy Takxke TO, 4TO B MpoIlec-
CE€ MPUTOTOBJICHUS YTOJbHON MBUIM TOIUIMBO MOACYIIMBAETCS, B pacyeTax MPHUHSTO,
YTO B MPOLIECC TOPEHUS BCTYNAIOT TOIUIMBHBIEC YACTHUIIbI, COCTOSIINE TOJIBKO U3 TO-
proueit Maccel. B HayanbHBIME MOMEHT BPEMEHM Ta30Basl Cpe/la UMEET TEMIEPATYPY,.
3HAUYUTEJILHO MPEBBIIIAOIYI0 TEMIEPATypy dYacTulbl. YacTuiia TOIIMBa BOCIPU-
HUMaeT TEIUI0  Ta30BOM CpeIbl KOHBEKIIMEH W OT OOJydaTessi — paguaiued u
HarpeBaetcs. [Ipu 5ToM U3 Hee BO3TOHSIIOTCS JieTyure. Boeienstomuecs JeTyune Mo-
TyT pearupoBaTh B ra3oBoil (paze, a TBepJiasgs KOKCOBas Macca — B TE€TEPOreHHOM pe-
KUME.

B pacuerax nmpunsita HauOoJiee o01Ias cxema pearupoBaHus. YTIEpO] pearu-
pPYET C KHCIOPOoJa0M ra3oBoit ¢assl ¢ oopazoBanueM CO u CO,; momyyaromascs yr-
JICKUCIIOTa MOKET pearupoBath ¢ TBepaoil ¢azoi, obpazys CO. Oxkuch yriepoja,
nojyyaeMass Kak B INEpPBUYHOM, TaK M BO BTOPHUYHOM MpOLECCaX pearupoBaHUs,
BCTYNAEeT B XMMUYECKOE COCIMHEHHUE C KUCIOPOJOM B Ta3oBoil (aze. [IpunumaeTcs,
YTO FeTEPOTCHHBIC PEAKIIMU U PEAKIIMU, TPOTEKAIOIIUE B OKPY’KAIOIIEM YacTHUILy ra-
30BOM 00BEMeE, WAYT IO CIICTYIOIIUM HTOTOBBIM ypaBHeHHEM [39].

Oxkucnenue yrinepoaa a0 CO:

2C+0,=2C0O+Q;. (59)
Oxkucnenue yriepojaa 1o COy:

C+0,=CO+Q,. (60)
BoccTranoBneHue IBYOKHCH yriaepoaa:

CO, +C=2CO0—Q. (61)
['openue okucu yriepona:

2C0O + O, =2CO0O; + Qq5. (62)

Terio XWMHYECKOr0 pearupoBaHUs, MOPOTEKAOIIETO HAa MOBEPXHOCTH
YaCTHUIIBI, TMepenaeTcss KOHBEeKIUen U AudPy3uoHHON  TEIIONPOBOIHOCTHIO
OKpYXaloIlel Tra30BOM cpelie, paauaimei 00IydaTeNro 1 YaCTUYHO PacXoayeTcsl Ha
JAIbHEUIINNM HAarpeB CcaMOW dYacTulbl. B pe3yinbrare Temieparypa 4YacTHIIbI
BO3pPACTAET, MPUYEM 3TO BO3PACTAHUE MPOUCXOJUT TeM 00Jiee UHTEHCUBHO, YeM
VHTEHCHUBHEE MPOTEKAET XUMUYECKOE PEarnpoOBaHUE U YEM MEHbUIE TEIUIOOTIAa4a B
rasoByro cpeny. B xome pearupoBaHuss JuaMmeTp YacTHILbI YMEHBIIAETCH,
M3MEHSIOTCS TEMIIEpATypa YaCTUILbI, TEMIIEPATypa U COCTaB Ia30BOM CPEbI.
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OO6beMbl BBIOPOCOB 3arpsi3HAIONIMX BEIIECTB B aTMOc(epy HaMpsSIMyIO 3aBUCST
OT YPOBHS MPOMBINIEHHOTO Mpou3BojaAcTBa. Tak, ¢ 1990 mo 2000 roasl BHIOPOCHI
BpPEIHBIX BEIIECTB B aTMOC(epy COKpaTWIUCh Ha 46 % B OCHOBHOM 3a CHET craja
MPOU3BOJCTBA. B mocienHue roipl yke B YCIOBUSAX MOJAbEMA SKOHOMUKH BBIOPOCHI
BpEIHBIX BElIECTB B arMochepy crabuimsupoBanuch. Bmecte ¢ Tem, HECMOTpsl Ha
CHU)KEHHE KOJMYECTBA BHIOPOCOB B BO3AYIIHBIN OacceilH pecnyOauKku, B 3HAUUTEb-
HOM KOJIMYECTBE MOCTYIAIOT TAKWE YPE3BBIYAHHO OIMACHBIC MO CTEIIEHU BO3JCHCTBUS
Ha YEJIOBEYECKUIN OpraHu3M BEIIECTBA, KaK JUOKCHUJIBI a30Ta U CEPbI, CEPOBOJOPO/I,
aMMHaK, CBUHEI], PTYThb U Jp. POCT MPOMBINUIEHHOTO MPOU3BOACTBA 0€3 MPUHATHSI
COOTBETCTBYIOIINX MPUPOJOOXPAHHBIX MEP U HEPAZBUTOCTH IKOJIOTUUECKOUN MOIUTH-
KM TI0 CTUMYJIMPOBAHUIO CHIDKCHHSI BPEIHBIX BHIOPOCOB B aTMOC(hEpy MOXKET TPUBe-
CTH K ellle O0JIbIIIEMY YXYAIICHUIO SKOJIOTHYECKOH 00cTaHOBKH B cTpaHe [40].

[Ipobsiema B3aUMOJICHCTBUS TEIIOIHEPTETUKU U OKPYKAIOUIEH CPENIbl SIBISICTCS
BECbMa MHOTOCTOPOHHEHN, HAXOAUTCS HA OCTPUE HAYYHO TEXHUUYECKON MBICIIU U Tpe-
OyeT 0co00ro BHUMaHHUA. 3HAYUTEIbHBIA UHTEPEC NIJISi SHEPTeTUKU B OOJACTH CHU-
YKEHUSI aHTPOTIOTEHHOTO BO3JICHCTBUS HA CpPEey MPEJCTABISIOT UCCIEOBaHUS B 00-
JACTH MPUMEHEHUS aJbTEPHATUBHBIX BUJIOB TOIUIUB U Pa3pabOTKU HOBBIX U COBEp-
IICHCTBOBAHUS CYIIECTBYIOIIUX TEXHOJOTUYECKUX MPOLECCOB MO YIYUYIIEHUIO HU3-
KOCOPTHBIX TBEPJIBIX TOILIMB, OOECIEUNBAIONINE CHUXKEHHE BHIOPOCOB B aTMOChepy
3arpsA3HSAIONIMX BEHIECTB U OJHOBPEMEHHO YIIYUIIAIOIIME OCHOBHBIC MOKa3aTeNH
HYHEPreTUYECKUX KOMILIEKCOB.

Takum 00pa3om, HCCleIOBaHUs B 00JaCTU MPOTPECCUBHBIX TEXHOJIOTUUYECKUX
MPOIIECCOB MO COBEPIICHCTBOBAHUIO YCTAHOBOK CXKWUTAHUS MbLICYTOJLHOIO TOILIMBA
U UCIOJb30BaHUE aJbTEPHATUBHBIX METOJOB OpraHU3alluy IIpolecca TOpPEHUs
pPa3JIMUHBIX BUJIOB TOIUJIMBA SIBISIFOTCS B HACTOsIIEe BpeMs HauOosiee aKTyaJbHbIM
JUI. BCEro dHeprerhueckoro komiuviekca PecnyOonuku Kazaxcran. OCHOBHBIM
HaIlpaBJIICHUEM COBEPIICHCTBOBAHUS MBUICYTOJBHOIO TOPEHUS M HCIOJIb30BaHUS
aJbTEPHATUBHBIX BUJOB TOIUIMBA SIBISETCS BBIMNOJHEHHE >KECTKUX 3KOJOTHYECKHUX
TpeOOBaHMI IO YJEIbHBIM BbIOpOCAM BpPEIHBIX BEIIECTB C OTPAOOTAHHBIMU Ta3aMH
KOTEJIbHBIX YCTAHOBOK. I Ha 3TOM 3Tame co3JgaHu€ TEXHOJOTHM, MO3BOJISIOLIUX
OIMKCaTh OCHOBHBIE MPOIIECChl (POPMUPOBAHUS BPEIHBIX MBIJIETa30BBIX BHIOPOCOB, U
pa3paboTKa pEKOMEHJAIMA TO0 WX CHIDKCHUIO SBISICTCS aKTyallbHOM 3ajadeit
uccnenoBanuii [41].
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3 PE3YJIBTATHI BBIUACJUTEJBHBIX SKCHEPUMEH-TOB IO
UCCJEJOBAHHIO MPOIIECCOB TEIJIOMACCOIIEPEHOCA IIPH TO-
PEHUU DKHUBACTY3CKOI'O YIJISI B TOIOYHOH KAMEPE KOTJIA
BK3-420 ATMATHUHCKOM T2I1I-2

3.1 OcHOBHBIE XapAKTEPUCTHKH TONMOYHOH kaMepbl KotTja BK3-420 Ax-
MaTuHckoi TIILI-2

B kagectBe uccienyeMoro oobekra Obul BhIOpaHa TOMOYHAs Kamepa KOTja
bK3-420, maponpoun3BoautenbHOCThIO 420 T/4, pacnoiO)KeHHBIA HAa AJIMAaTHHCKOM
TOII-2. Koren E-420-13,8-560 BT (bK3-420-140-7) npenna3HaveH a1 pabOThl HA
OkubacTy3cKOM yriie Jis BBIPAOOTKH TEPErpeToro Mmapa Ha  TEIUIOBBIX
ANEKTPOCTAHIUSIX € TEIUTO(QUKAIMOHHBIMUA TYpOMHAMH Ha BBICOKHE MapaMeTphl Tapa.

Koren BepTHMKabHO-BOAOTPYOHBIN, 0HOOapaOaHHBI, C €CTECTBEHHOM LIHUp-
KYJISIKEH, OMTHOKOPITYCHBIN, pacCUMTaH Ha BBICOKHE napaMeTprl napa. Koren B razo-
IJIOTHOM HCTIONHEHUU uMeeT [1-00pa3Hyro 3aKphITYyI0 KOMIIOHOBKY M YpaBHOBEIIICH-
HYIO TATY.

B TonouHoi1 kKaMepe mpeaycMOTPEeHO TBepaoe nutakoyaaieHue. [lnakoynamne-
HHE MEXaHHU3UPOBAHHOE, HEMPEPHIBHOE C MOMOILIBIO IIHEKOBBIX TPAHCIOPTEPOB H
npobunok. TonmouHas kamepa — MpU3MaTHUECKasi, OTKPBITOTO THUIIA, C pa3MepamMu B
IUIaHe [0 ocsiM Tpy6 14,46x12,052x29,102 (M%). Tomka SKpaHHPOBAaHA LEILHOCBAP-
HBIMU Ta30IJIOTHBIMU HCHIAPUTEIBLHBIMUA CTEHKAMU, BBITTOJIHEHHBIMU U3 TPyO D60%6
MM C BBapeHHOU nonocoit pazmepoM 20x6 mm (cranp 20). Illar Tpy6 B manensx pa-
BeH 80 MM.

B HmxHEl yacTu Tonku Tpyoamu (poOHTOBOTO M 3aJHET0 SKPaHOB 00pa3oBaHa
«XO0JIOAHAs BOPOHKa». B BepxHel 4yacTH TONKM TPYObl 3aJHEro 3KpaHa o0pa3yroT
a’pOJIMHAMUYECKUM BBICTYN. [TOTOJIOK TOMKU 3aKpbIBA€TCSl MaHEISIMU (PPOHTOBOTO
skpana. bapaban kotia cBapHOi, uMeeT BHyTpeHHHM quameTp 1600 MM ¢ TOMITUHOM
cteHku 112 mm (ctane 16I'HMA). Cxema ucnapeHusi JByXCTyleHYaTas ¢ IPOMbIB-
KOM Iapa nurarenabHor Bonou. IlepBast cTyneHb MCHapeHHsl BKIIFOYEHA HENOCpen-
CTBEHHO B 0apabaH KOTJIa U TPEACTABISIET COOOM codeTaHWe BHYTPU OapabaHHBIX
LIUKJIOHOB Y MPOMBIBOYHBIX YCTPOMCTB.

Btopast cTynenp ucnapeHus: BKJIIIOUEHA B UCMIAPUTEIIbHBIE BBIHOCHBIE IIUKIOHBI
Hapy>KHbIM JuamerpoM 426 mM. Bona u3 6apabana K ucapuTeIbHBIM SKpaHaM I0/1-
BOJUTCS MO CTOsSIKaM JguaMeTpoM 219 Mm ¢ tommuHou creHku 20 MM (ctanb 20) u
OTIYCKHBIM TpyOaMm nuamerpoMm 159 mMm ¢ Tommuuoil ctenku 14 mwm. I[lapoBoasiHas
CMeCh U3 IKpaHOB B O0apabaH oTBoauTcs 1o Tpydam @ 159%x15 mm (ctans 20). [Tapo-
neperpeBaresnb paauallMOHHO-KOHBEKTUBHOTO TUMa. PajananrionHas yactb napomnepe-
rpeBaTesisi COCTOUT M3 IIUPM, Pa3MEILCHHBIX B BEPXHEW 4aCTH TOMOYHOM KaMephl,
BBITIOJIHEHHBIX U3 TPpYyO D42x5 mm (ctasp 12X1MD).

KonBekTuBHAst 4yacTh B BUJAE OTAECIbHBIX CTYNEHEW PACMOJIOKEHA B TOPU30H-
TaJbHOM Ta30X0Ji€ U BBIMOIHEHA U3 TPYO O 38%4 mm, @ 38x4,5 MM, @ 38X5 MM u
A38x6 mm (ctans 20, 12X1IM®, 12X18H12T). BokoBble CTEHBI TOPU3OHTAIBHOTO
ra3oxo/ia, a TaKKe ra3oIuioTHasl 4acTh OIyCKHOTO ra3oxoja (ITOTOJIOK, 33 Hss U Me-
pEeIHsS CTEMbl) SKPAaHUPOBAHBI TOPU3OHTAIBHBIMU 1I€JIbHOCBAPHBIMU MAaHENSIMU Ta-
porieperpeBatelis u3 Tpyo @ 60x6 mm ¢ marom 100 m [42].
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TpyObl nepenHel CTeHbI OIMYCKHOTO Ta30X0jia B MECTe MpOxo/ia ra3oB 00pasy-
10T ¢ecToH. Bece MmeMOpaHHbIE 11€TbHOCBAPHBIE MAHENIU TOMOYHBIX SKPAHOB >KECTKO
CBapEeHbI MKy CO00M B €IMHYIO ra30IJIOTHYIO KOpoOKy. HamexxHocTs paboThl Bcex
COEJIMHEHUN OCTUraeTcs Oaroaaps UUPKYISIIUU BO BCEX MaHENIX paboyeil cpeipl ¢
NpUOJIM3UTENIBHO OJMHAKOBOM Temmeparypoi. TpakT mapa maporeperpeBarenisi co-
CTOUT U3 JIBYX HE3aBUCUMBIX MOTOKOB. Temneparypa neperpeToro napa peryaupyer-
Csl IByMsI BCIIPHICKAMU COOCTBEHHOT'O KOHJIEHCATa B MapOOXJIaguTeNb. B KOHBEKTHB-
HOM Ta30XOJI€ 3a MapoIeperpeBaTesieM pa3MenIeHbl BOJSHON 3KOHOMaN3ep U Tpyo-
YaThlil BO3AYXOIOI0TPEBATENb, CKOMIIOHOBAHHBIE «B PACCEUKY.

DKOHOMai3ep COCTOUT U3 JIBYX CTYIEHEW, BBIMOJIHEHHBIX U3 INIagKuX Tpyo O
32x4 mm. KyObl Bo3myxomomorpeBatesns BoIIOAHEHB! U3 Tpyo @ 40x1,5 mm (Cr. 3).
bnoku BoasHOTO »KOHOMai3epa W BO3AYXOIOAOTPEBATENsl YCTAaHOBIEHBI OJWH Ha
JPYTOi M CBapeHbl MEXKIY COOOH TIOTHBIM IIBOM, YTOOBI MCKIIOYUTH MPUCOCHI XO-
J07HOTO Bo3ayxa [43].

Tonounas kamepa koTia (pUCYHOK 4) oOOpyaoBaHa IIECTBIO BHUXPEBBIMU
JIBYXIIOTOYHBIMU TBUICYTOJIbHBIMU TOPENKAMH, PACIIOJIO0KEHHBIMU B JIBA YPOBHS IO
TPU TOpENKH, Ha (PPOHTAJIBHONW CTEHKE KoTia. KpailiHue ropeinku MOBEpHYTHI K
LEHTPY TONKU Ha & rpanycoB. I[Ipou3BOAUTENBHOCTH OAHOM ropeiku 12 T/4 mo
OkubacTy3ckoMy yriwo. B Tomnke cxuranack nbliib HU3KOCOPTHOTO BBICOKO30JIBHOTO
DkubacTty3ckoro ymisi ¢ cojaepxkanuemM 3076l 40%, BeIxogoMm jeTyuux 24%,
BJIAYXKHOCTBIO 5% ¥ HauBbIciIel TemioTol cropanus 16750 kJ[x/kr. ToHnHa nmomMmosa
yris Obuta paBHa Rgp=15%. Bce uuncienHble pacueTbl ObLIM BBIOJHEHBI IO
BBIIICYTOMSIHYTON MeTonuke[44].
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Ha ¢poHTampHOi CTEHKE TONMKMA KOTJA YCTAaHOBIEHBI IIECTh BHUXPEBBIX
JIBYXIIOTOYHBIX MBLIECYTOJbHBIE TOPETIOK (PUCYHOK 5) B JiBa spyca (Mo TpU Ha sAPYycC).

Kpaitaue ropenku MoBEepHYTHI K IIEHTPY TONKH Ha 8 TpagaycoB. Ha pucynke 5,a
B IPOTHUBOIOJOKHOW CTOpPOHE CTCHKH OO0JacTH TOPEIOK BTOPOTro spyca
PacroNOKEHO OTBEPCTHE IS TOJA4M JOMOJHUTEILHOTO BO3IyXa IMOBEPHYTHIE K
HEHTpY Ha 45 rpaaycoB, u pazMepsl KoToporo 14x60cm. [Ipon3BoIUTENBHOCTH OJTHOM
ropenku 12 1/4 mo DKnbacTy3cKoOMy YTIIIO.

Z[m]

a) 0) c)

(a) Tpexmepnbiit 3D Bun kotia bK3-420 u ero pa3douBka Ha KOHTPOJILHBIC
o0wveMsl, 1-otBepeT (16X60 cm); (0) ropenku pacmoaoKeHbl B iBa psna; (C) BUA
cBepxy Ha cpe3e h = 10.75m

Pucynox 5 - O6mwmii Bua npomseinieHHOro koTiia bK3-420
Anmaruackon TOI-2

Ha @ponTanbHOil CcTEHKE TONKM KOTJAa YCTaHOBJEHBI IIECTh BUXPEBBIX
JIBYXIIOTOUHBIX MBUICYTOJbHBIE TOPETIOK (PUCYHOK 5) B JBa sipyca (Mo TpU Ha sPYcC).

Kpaiinue ropenku moBepHyThI K LIEHTPY TONKHU Ha § rpaaycoB. Ha pucynke 6,a
B IMPOTUBONOJIOKHOW CTOPOHE CTEHKM 00JIaCTU TOpENoOK BTOPOro sipyca
pPacoJIOKEHO OTBEPCTHE IJIsl MOJA4YM JOMOJHHUTEBHOIO BO3AYyXa IMOBEPHYTHIE K
LHEeHTPY Ha 45 rpaaycosB, u pazMepbl KOToporo 14x60cm. [Ipon3BOIUTENBLHOCTD OJTHOU
ropenku 12 1/4 mo Okubacty3ckomy yrimwo. B ucnonszyemoM mnporpaMmMHOM
KOMIUIEKCE HYKHO CO37aTh UCXOJIHbIE (Pailyibl, B KOTOPBIX coaepKaTcs (pusndeckue u
FEOMETPUYECKHE JaHHbIE HCCIEAYEMOIO IpoLecca, a TakKKe HadalbHbIE W
ITPAaHUYHBIE YCIOBUSA JUIi MOJEIMPOBAHUS Ipoliecca TEIIOMacCcolepeHoca B
TypOYJIEHTHBIX BRICOKOTEMIIEPATYPHBIX MMOTOKAX [45].
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B maHHOM YHCIIEHHOM SKCTIIEpUMEHTE pACCMATPUBAJICS TPATUIIMOHHBIA PEXUM
pabotel kotnoarperara bK3-420-140-7C, napo npousBoauTebHOCTBIO 420 T/4ac.
VicxomHble JaHHBIC ISl TPEXMEPHOTO pacueTa TOIKH KOTJa MPUBEACHBI B TabmuIe 4.

Ta6nuna 4 - Texundeckue xapakTepucTuku koTia bK3-420 u ucxoaHple JaHHbBIC IS
TPEXMEPHOTO YUCIICHHOTO MOJICITUPOBAHUS

Ne
n/ | HaumeHoBaHue O6o03HaueHMs Pasmep 3HaueHue
i
1. | BnaxHoctb W, % 5
2. | 3ona Ay % 40,0
3. | Husmas reruiora cropanus Q: KKaJI/KT 4000
4. | BeIxoj neTy4nx BeUIeCTB V gaf % 24-28
5. | Cepa St % 0,4-0,7
6. | DneMeHTapHBIN COCTAaB roproYel Macchl
Yrepon C gaf % 82,0
Bomopon H gaf % 5,0
A3sor N gaf % 1,5
Kucnopon O gat % 11,5
7. | CoctaB MUHEpaIbHON YacTH
SiO, % 65,0
Al,O3 % 24,0
Fe203 % 5,0
CaO % 2,0
MgO % 0,7
K20 % 0,6
TiO, % 0,9
Na,O0+K,0 % 0,7
P,05 % 04
8. | KommuectBo kotios Ha TOC Nk IIT. 7
9.  |Bpems 0nHO# PAaCTONKHM 110 pEITIAMEHTY [, qac 3.5+4
10. |Pacxon TOIUIBA  HA Korén  (mpH B T 72
HOMUHAIBLHOW Harpy3ke)
11. |Tun ropenok Buxpesas 1ByX1noroyHas
12. |KomdecTBO ropesiok Ha KOTiie Nr IIT. 6
13. |IIpon3BOAMTENEHOCTD OHON TOPENKU I10 B, Taac 12
TOITUBY
14. |Temmeparypa aspocMecy TIOCIe MENTBHUII |ty/cM C 90-+130
15. |Tum  cucteMbl  NBUICHIPUTOTOBJICHUS
[Ipsimoe BoyBanue
(mpoMOyHKep, IPsIMOE BILyBaHKE)
16. |Pacxon mnepBMYHOrO BO3AyXa HA OIHY 13860
ToperKy (1o IByM OTJEIbHBIM KaHanaMm) | VILB. HM3/gac*103 (17879.4
KI/4)
17. |Pacxon BTOPHYHOIO BO3AyXa Ha TOPEJKY 52140
(10 IBYM KaHas1am) VBLB HuM3/gac*103 (67260.6
KI/4)
18. |Temmeparypa ropstaero Bo3myxa trs °C 280+340
19. |Koaddumment w30bITKa BO3mMyXa 3a . 1,1+-1,4
TOTIKOU ]




3.2 CxxuraHue yrJjeil NmoBbIIIEHHOHW 30JbHOCTH B Tomke kotiaa BK3-420
AnmatuHckoi TII-2

AHanoruyHble SKCIEPUMEHTAIIbHbBIE HCCIIEIOBaHUs OBbLIU MPOBEJEHBI B pado-
Tax [46] Ha ATOM KOTJIe TP Pa3IMYHBIX HArpy3Kax KOTJa CO CKUTAaHUEM YTIIieh pas-
JMYHOU 30JIbHOCTHU C U3MEHEHUEM psifia PEKUMHBIX TapaMeTpoB. B mpoliecce ombIT-
HOTO CKMTaHUs OIpEAeislaCh MUHUMAJIBHO YCTOMYMBAs U MaKCUMAJIbHO JTIOCTHXU-
Masi Harpy3ka KoTja. MUHUMAaIbHBI YPOBEHb HArpy3Kd KOTJA Ha MPOEKTHOM TOII-
JIMBE OTPAHUYEH 3aBOJOM M3TOTOBUTEJIEM IO YCIOBHUAM HAAECKHOCTU HUPKYJISLUU T10
BOJIHOMY TPakTy KOTJa, MPOU3BOAUTENBHOCTHIO 290 T/4 (uyTh MeHbIine 70% OT HO-
MUHAJIBLHON TPOU3BOIUTEILHOCTH), MAaKCHMaJIbHBIA YpPOBEHb yCTaHOBJICH 505 T1/4
(memuoro 6omnee 120% OT IPOEKTHON MOIIHOCTH). DTU MPEEIbl MOKa3bIBAIOT, YTO
KOTEeJ 00JIaJaeT BBICOKOM MAaHEBPEHHOCTBHIO MO MPOU3BOAMTEIBLHOCTH. MaKcUMab-
Has 30JbHOCTH TOIUIMBA, IPU KOTOPON BO3MOXHO HECEHHE HOMHHAJILHOM HAarpy3KH,
IPU YETHIPEXMEIBbHUYHOM pPEKUME cocTaBisieT 51%, 4To 3aMeTHO OOJbIIe YeM Ha
xoTiax I1K-39 [47].

3aMEeTHOE CHUKEHHE MAKCUMAaJbHO JOCTH>KUMOM HArpy3KHd KOTJIA B YETBIPEX-
MEJILHUYHOM pexuMe paboThl, HaUMHAeTCsA NMpu 55%, 4TO MO 30JHOCTH OOJbIIIE,
yem Obuto Ha kKomiax [IK 39. B TpexMenbHUYHOM peXHME OTpaHUYEHUS HArpy3Kd
KOTJIa HAUMHAIOTCS C 30JbHOCTH 43%, 4TO MO 30JbHOCTU TAKXE BBIIIE, YEM HUMEIIO
Mecto Ha kotiie [IK-39. Otu pe3ynpTaThl NOKA3bIBAIOT HAJTUYHUE ONPEIEICHHOIO 3a-
raca o Ipou3BOAUTENBHOCTH nblIecucTeM y kotia bK3-420, yto "cmsaryaer" Hera-
TUBHOE BJIMSIHUE 30JbHOCTH Ha MaKCUMaJbHO - JOCTHXKMMYIO Harpy3ky kotia. B
IIPOLIECCE OMBITHOTO CKUTaHUS Ha 3TOM KOTJIEe ObUIO OOHAPYKEHO, YTO MAKCUMAIIbHO
- JOCTWXKMMasi Harpy3ka OrpaHUYMBAETCS HE TOJBKO MPOU3BOAUTENBHOCTBIO MbLIE-
cucteM (kak 3To Habmoganoch Ha koTiax [1K-39 u BK3-160) Ho u o neperpeBy na-
pa. IIpu 301pHOCTH 56- 58% MaKCMMAJIBHO - JOCTHKMMAasl Harpy3ka 1o Mpou3BOJIH-
TeIbHOCTU TbutecucTeM cocTaBiisgser 4001/4. OmxHAKO, W3-3a OrpaHUYCHUN IO Tepe-
IpeBy Mapa MakCUMaJbHO JOMYyCTHUMAas Harpy3ka MpU 3TOH 30JbHOCTH COCTaBJISIET
330-340 1/4. B ompeneneHHON Mepe ATO MOXKET ObITh OOYCIOBJICHO CHEeUpUKON
kotia bK3 -420. Ha 3Tom KoTIie mepBOHAYaIbHO MEeperpeB napa npeamnosiaraics 560
rpaaycoB, KOTOPBIN 3aTeM ObLT CHUKEH 710 540 rpaaycos.

Crnennduka 1aHHOTO KOTJIa HanOOoJIee OTYETIMBO MPOSIBUIIACH MPU OTpeIese-
HUU MUHUMaJbHO YCTOWYMBOM Harpy3ku kotrja. Kak yxe oTMeuanoch, rapaHTUPO-
BaHHAas 3aBOJIOM MUHUMaJIbHas Harpy3ka coctapisieT 2901/4. OnbIThI C OnpeeaeHU-
€M DTOM K€ BEJIMUMHBI ITOKa3aJy, UYTo Jaxke 1718 30JapH0cTH AC=58% oHa cocTaBjseT
270t1/4. Takum 00pa3oM, TaHHBIM KOTEJI HE UMEET OTPAHUYCHUM IO 30JIbHOCTH CHKU-
raemMoro TOIUIMBA JJIsi CHUXKEHUS Harpy3KH IO AUCIIETYEPCKOMY 3aJaHUIO.

B 3aBucuMOCTH OT pexuMOB paOOThl KOTJIA KOHLIEHTpAUsi OKMCIIOB a30Ta B
NBEIMOBEIX rasza cocrtasiisuia 700-900 MI/MC. [Ipu MOBBIIIEHUH 30JILHOCTH HAOJIIOAACT-
Csl HEe3HAUUTEIILHOE CHIYKEHUE YPOBHS BHIOPOCOB OKUCIIOB a3oTa (B mpezaenax 50-100
Mr/MO).

Takke Kak U Ha APYruX KOTJIAX, BO3PACTAHHE 30JIbHOCTH YIJISI MPUBEIO K
CHI)KEHUIO TeMITEpaTypHOTO YpOBHs B Tonke (B siape ¢akena Ha 60-100°C, Ha BbIXO-
ne u3 Tonku - Ha 20-40°C) .

Koadduments! TemnoBoi 3heKTUBHOCTH HKPAHOB, OINpPEAEICHHbIE MPSMBbI-
MU U3MEPEHUSMU (IIPU ONpPEIETICHHBIX MpaBUjIaX OCPEAHEHHS) U PACCUUTAHHbIE T10
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OaJlaHCOBBIM TeMIlepaTypaM JOCTATOYHO HAJIEKHO KOPPETUPYIOTCS U HAXOMASTCS B
npenenax 0,3-0,5.

VYposenb okucnoB azora (700-900 Mr/m3) okaszajicsi HUXKe, YeM HaOII0AAIOCh
na xotie [TK-39, HO HecKombKo BbIme, YeM Ha koTie BK3-160 (600-850 mr/m°). [a-
e TIPU 30JIbHOCTH YTIIA 55% U nnuTenbHOCTH ero ckuranus 10 yacoB, Ha TOM KOT-
Je o0pa3oBaHUsi MHTEHCUBHBIX OYaroB IIJIAKOBAHMUS Ha TMOBEPXHOCTH HArpeBa He
HaOI0aeTCs, T.€. TI0 3TOMY TOKa3aTeNi0 JaHHBIA KOTEN OKasalcs OJMkKe K KOTIY
BbK3-160. OcrtanbHble 3aKOHOMEPHOCTH 00pa30BaHMs NEPBUYHBIX U BTOPUYHBIX OT-
JIOKEHUH OKa3aJuch MOJ00HBI TEM, KOTOPbIE UMETH MECTO Ha IPYTrUX KOTJaX C BUX-
peBbIMHE TOpesikamu [48].

Takum 00pa3oM, ONBITHOE CKHUTAHUE SKHOACTY3CKOrO YIS MOBBILIEHHOM
30bHOCTH B Tomke koTia bK3-420-140 noka3ano, 4To C)KMTaHUE HEMPOEKTHOTO YT-
J5 OKa3blBa€T HETAaTHBHOE BIMSHHWE Ha TOMOYHBIA TPOIECC U HA TEXHUKO-
HPKOHOMHUYECKHUE IOKa3aTeau B MeEHbIIeH creneHu, yeM Ha komie IIK-39, ognaxo
oomnpiie uem Ha kotie bK3 -160. [1lo MmaneBpeHHOCTH, IO SKOHOMUYHOCTH 3TOT KOTEI

OKazaJics JIy4IlIUM CPeJ KOTJIOB C MPSAMBIM BAYBaHHEM U C MOJIOTKOBBIMU MEJIbHU-
amu [49].

3.3 OCHOBHBIE XapAKTEPUCTUKHN A3POAUHAMMKH TeYeHUs

dusndeckasi MOJIesIb KaMephbl CrOpaHus MOCTPOEHA B MOJIHOM COOTBETCTBUHU C
TabnuLe 7, oTpaxaroued peanbHbli TEXHOJIOTHYECKUI MPOIECC TOPEHUs YIJIs, KO-
TOPBIA OCYLIECTBIIIETCS HEIIOCPEACTBEHHO B TOMOYHOU Kamepe kotia bK3-420 An-
Matudckoi TOII-2. B Tabmuie 4 3amaHbl HEOOXOIMMBIE MapaMeTphl (KOJIUYECTBO
TOIUJIMBA, €70 XapaKTePUCTHUKA, CIIOCOOBI M CKOPOCTH MOJa4H TOTUIMBA U OKUCITUTENS,
MOIITHOCTh SHEPreTUYECKONW YCTaHOBKHU, MapaMeTphl YIJIs, €ro COCTaB, TEMIIepaTrypa
a’poCMecH, IEPBUYHOI0, BTOPUYHOTO M TPETUYHOTO BO3/yXa U 1p.). Bce 3To oTpa-
YKEHO B TIOCTPOCHHBIX (PU3MUECKON U TEOMETPUIECKON MOJIETISIX KaMephl CTOPaHUS.

B pabote ucnonb3yercst Tornounast kamepa kotina bK3-420. Tonounas kamepa
bK3-420 umeer CymIeCTBEHHBIM HEIOCTATOK, KOTOPBIM 3aKIIOYAETCd B TOM, 4TO
CTPpYyHU TOPSYETO BO3JyXa OBIOT B CTEHKY, KOTOpas HaXOJUTCS HAIPOTUB TOPEJIOK.
OTO MPUBOJUT K €€ O0XKHUTY U JajdbHEHIIeMy HApYIICHUH IEIOCTHOCTH. J[Jis1 3TOTO
Ha Anmatuackoit TOIl B 6a30BoM pexume depe3 3Ty CTEHKY MOJAETCS XOJIOTHBIH
BO3JyX C MaccOBBIM pacxojgoMm 5 kr/c[48]. Mel cMmouenupoBaiu 3TOT 0a30BBIM
BapUaHT.

Onnako, B X0JIe UCCIIEIOBATENIbCKON pabOThl HaMH OB MPEAJIOKEH U HOBBIM
PEXUM TMOJIauyd, KOTOPBIM MO3BOJISET 3alUTUTh CTEHKY OT MEperpeBa, YMEHBIIUTH
TEMIIepaTypy MOCTYMAIOIIET0 TMOTOKAa JIOMNOJHUTEIBHOTO XOJOJHOTO BO3/ayXa.
[IpoBeneHHbIE B JUCCEPTALIMOHHON padOTe HCCIIeIOBAaHMUS MTO3BOJIWIN ClIETIaTh BBIBO
O TOM, YTO MPEIJIOKEHHBIH HaMU PEXKHUM OO0ECIEeUHMBACT HE TOJBKO 3aIUTY OT
neperpeBa CTEHOK KOTJIa, HO U CIIOCOOCTBYET YMEHBIIICHUIO KOHIICHTPAIIUU BPETHBIX
BBEIOPOCOB.

Hwuxe npencrasien obmmii Bua TornouHoil kamepsl kotina bK3-420. [{ns npo-
BEJICHUSI YMCIICHHOTO 3KCIIEpUMEHTa Tono4yHas kamepa kotia bK3-420 nonenena Ha
KOHTPOJIbHBIE 00BeMBI (PUCYHOK 6). JIIsi YHCIIEHHOTO MCCIICOBAHUS HCIIOIb3yeTCS
METO]I KOHTPOJIBHOTO 00beMa, KOT/Ia TOTIOYHAsI KaMepa HCCIeayeMoro oObeKkTa Oblia
pazouta Ha 871 594 KOHTPOJBHBIE SUYEHKU. DTO B CBOIO OYEpEIb MO3BOJIMIO YIyd-
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IIATh TEOMETPHUYECKYIO MOJICIb, YMCICHHBIE pAacueThl M rpadHUeCKyi0 UHTEpIIpeTa-
U0 pe3yabTatoB[50].
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Pucynox 6 - O6muit Bu Tormounoi kamepsl koTia bK3-420 AnvatuHckoi
TOI1 2 u pa3buBKa ee Ha KOHTPOJIbHBIE 00BEMBI

Hwnxe npeacrasiens! pe3ynbTaTsl 3-D MOaeaMpoBaHus IPOLECCOB CKUTAHUS
DxubacTy3ckoro yrist B TornouHoi kamepe kotina bK3-420 Anmartunckoit TOII-2
JUISL IBYX BapUaHTOB IO/Ia4U JIONOJIHUTEIBHOTO BO3AYyXa YEPE3 OTBEPCTUS, PACIIOJIO-
YKEHHBIE Ha IPOTUBOINOJIOKHON TOPEIKaM CTEHE.

Cxxnranue Torumiea Ha AnmatuHckor TOI[-2 ocymiecTBiasieTcss npu 3HaYEHUU
MacCOBOTO pacxo/a BO3IyXa SKI/C depe3 OTBEpCTHSl HAa CTEHE TOTOYHOW KaMephl,
PacCIoJIOKEHHOW HANIPOTHUB TOPENIOK. B Xoae mcaenoBaTenbekoil paboThl HAMU OBLT
MPEIOKEH HOBBIA pexkuM pabothl 11 TOLI-2, korga 3TOT pacxoj YBEIHYMBAETCS
BJIBOE€, a OTBEPCTHS PACIOJIOKEHBI IO YIiioMm 45° k cTreHke koTiia. Beibop yria B 45°
CO3Ja€T yCJIOBUE U1 OOpa30BaHMs IyrooOpasHOro IMOTOKAa, KOTOPBIM 3allHLIaeT
CTEHKH OT IIEPErpeBa U NOMOIaeT yMEHbIINTh TEMIIEPATYpPy 0OpaTHOTO MOTOKA.

B pesynbrare npoBeAeHUs BBIYUCIUTEIBHBIX SKCIIEPUMEHTOB IO a3pOAUHAMHU-
K€ Tpolecca ObLIN MOCTPOCHBI paCHpeeIeHUs BEKTOPa MOJHOM CKOPOCTH, KOTOpbIE
npejcTaBieHbl Ha pucyHkax 7-10.

BekTop mOaHOM CKOPOCTH CKJIAABIBACTCA M3 KBAAPATHOTO KOPHSA OT CYMMBI

KBaZpaToB Beex ero coctapisommx (V =yU?+V?+W?) u 0603HaYeH Ha NpHBe-
JIEHHBIX PUCYHKaX B BHUJIE CTPEJIOK PA3JIMYHBIX I[BETOB, TIO KOTOPHIM, C TTOMOIIBIO
LBETHOM LIKaJIbl 3HAYEHUW, MOKHO OIPENEIIUTD €r0 YUCIOBOE 3HAUCHUE.

Ha pucynke 7 mpencTaBieHO pachpelesieHHe BEKTOpa MOJHOW CKOPOCTH B
npoaoiasHoM cedeHuu (y=7.18M) xkorna BK3-420 mpu maccoBoM pacxojie BO3ayxa,
paBHOM Skr/c (pucyHok 7a) u 10kr/c (pucyHOK 7/0) U HallpaBIEHHOM OT CTEHKH MpO-
TUBOITOJI0KHOM TOPEIIKAM.
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AHaJII/ISI/IPYH PUCYHOK 7, MbI BUAUM, YTO IIOTOKH, HAIIPABJIICHHBIC M3 HUKHHX
rop€JiIOK, CTAJIKMBasCh C HpOTI/IBOHOHO}KHOﬁ CTCHKOI>’I, 06p33}7I0T BO3BpPATHOC TCYC-
Hue. Yactb IIOTOKA, HAIIPAaBJIAACH B 00acTh XOJ'IOI[HOfI BOPOHKH 06p33y€T BHH3Y
BHUXPb. I[pyraﬂ 4aCThb, HAIIPABJLICTCSA HABCPX K obOnacTn PAaCIIOJIOKCHUA BCPXHUX T'O-
PCIOK U OTBepCTI/Iﬁ AJI1 JOIIOJIHUTCIIBbHOI'O BO34yXad, I'/IC TAKIKCE O6p8,3y}OTCH 3aBUX-
PCHUA. HauOonpmmue 3HaueHUS CKOpPOCTb HOCTHUI'ACT B obnacTu PaCIIOJIOKCHUA IIBI-

JICYTI'OJIBHBIX I'OPCJIOK U T'OPCIIOK AOIMOJIHHUTCIBHOIO BO3yXa.
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Pucynox 7 - Pacnipenenenue BekTopa MojgHOM CKOPOCTH B IIEHTPATIBLHOM MPO-
J0JIbHOM cedeHuu (y=7.18 M) TOIo4YHON Kamepbl
kotiia bK3-420 Anmatunckoit TOI] 2

CpaBHUBasi pUCYHKHU /a U 70, MOKHO 3aMETUTh, YTO C YBEIMYEHUEM MaCCOBO-
ro pacxoja BO3JyXa U3 MPOTHUBOTOPEIIOK, YBEIUYMBAETCS TYpOYyIEHTHOCTb, & TAKKe
MaKCUMaJlbHbIE, CPETHUE U MUHUMAJIbHbIE 3HAUYEHUS CKOPOCTU. MakcuMaabHOE 3Ha-
YeHUEe CKOPOCTH JJIsl IEPBOro cirydas paBHO 36,6 m/c, a s BToporo — 38 m/c. [Ipu
MacCOBOM pacxoje Bo3ayxa paBHOM 10 KI/c MOTOKHM a’3poCMeCcH U Bo3ayxa o0pa3yroT
3aBUXPEHUS BBIIIE U HIKE 00JIACTH BEpXHUX Topesok. OOpazoBaHue TYpOYyJISHTHBIX
BUXPEH cO3JaeT JyylIre yclioBUs AJis 0osiee MOJIHOTO TOPEeHUs bUIEYTOJIBHOTO TOTI-
auBa [51].

Ha pucynkax 8-9 moka3aHbl pacnpe/eneHus BeKTopa MOJIHONH CKOPOCTH B IO-
NEPEYHBIX CEUCHUSAX TOMOYHOM KaMephbl B 00J1aCTH HUXKHETO (PUCYHOK 8) U BEpXHETO
(pucyHok 9) sipycoB ropenok. B pesymbrate TOro, 4T0 OOKOBBIE TOPEIKH PACIIONO-
KEHbl CHMMETPUYHO OTHOCUTEIBHO IIEHTPAIbHON TOpPEJKH, XapaKTep 0Opa30BaHUs
BUXpEU TaKXKE CUMMETPHUYEH.
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MO>KHO 3aMeTUTh, YTO AJIS CITydasi, KOTJa MacCOBBIA pacXo] JTOMOIHUTEIbHO-
ro BO3Jyxa u3 oTBepcTuid paBeH 10kr/c (pucyHok 86) u Skr/c (pucyHok 8a), u3meHe-
HUS B KQpTUHE TEYCHHUS HE CTOJIb OTPOMHBI, KaK JIJIS TIOJIsi CKOPOCTEH B 00JIaCTH BTO-
poro sipyca ropeliok.

Otpesok K=37 (Z=6.82 ) Otpesor K=37 (Z=6.82 m)
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Pucynox 8 - Pacnipenenenrie BekTopa MoaHONW CKOPOCTH
B TIOTIEPEYHOM CEUEHUU 00J1acTH HIKHETO sipyca ropenok (h=6.82 m)

['openouHbie yCTpONCTBA paCHONIO0KEHBI MO YIJIOM K CTEHKE TOMOYHOM Kame-
PBI, UTO TAK)K€ MPUBOJUT K 00pa30BaHMIO HEOOJIBIIMX MONEPEYHBIX BUXpeil. B oOmna-
CTH CEUEHHUs HUKHETO Mosica FOpPEJIOK 3aBUXPEHUs HAOIIOJAI0TCS B IPUCTEHHOM 00-
JaCTH MEXIY TOpelKaMy 3a CUET CTOJIKHOBEHHUS MOTOKOB BO3BPATHOTO TEUEHHUS B
yIrJIax Kamepsl cropanus [52].

Ha pucynke 9 nokaszaHo pacrpeaeneHie BEKTOpa MOJIHON CKOPOCTH B CEYEHUU
PacmoJIOKeHHST BEpXHETO sipyca ropeniok. Kak u cnegoBaio oxuaaTh, U3 pucynka 9a
MBI BHJIMIM, YTO TPU MAaCCOBOM pPacxXojie BO3[yXa SKI/C MaKCUMaJlbHas CKOPOCTh
MOTOKA JIOCTUTAET 3HAYCHUH Uma—112 M/c, a ipu MaccoBoM pacxojie Bo3ayxa 10 kr/c
— Umax=218 ™/c. DTH maHHBIC OMPEACNAIOTCS W3 PHUCYHKA C TOMOIIBIO I[BETHOM
IIKaJIbl 3HAYEHU CKOPOCTEM.

[ToToku pacrnpezeneHus BEKTOpa MOJHOM CKOPOCTH CUMMETPUYHBI OTHOCH-
TEJIbHO LIEHTPAIBHOM OCH CUMMETPUM Kamepbl cropanus. OO6pa3oBaHue 3aBUXPEHUI
XapaKTepHO ISl TeX 00iacTei, B KOTOPBIX MPOUCXOJUT B3aUMHOE MPOHUKHOBEHHE
MOTOKOB BO3/lyXa M a3POCMECH, a TOTOKHU BO3yXa U3 OTBEPCTHI HA CTEHE TOIMOYHOU
KaMephbl Kak Obl MPENATCTBYIOT IBHXKEHHUIO TOPSYMX MAC U3 TOPEIIOK.

43



Y Y
Orpesok K=76 (Z=10.75 m) OTPC'SOK K=76 (Z=10.75 m)
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Pucynok 9 - Pacnipenenenue BeKkTopa MOJIHONH CKOPOCTH
B ITOTNIEPEYHOM CEUCHHUH 001acTH BepxHero spyca ropenok (h=10.75 m)

Ha pucynke 10(a u 6) mpeACTaBICHO pacmpeeieHIe BEKTOpa MOJHONH CKOPO-
CTU B IIPOJOJIBHOM CEUYEHHUH TOMOYHOU Kamephl (X=4M), pacrojoKeHHOM OJMkKe K
ropeskam, JUisl pa3IndHbIX 3HAYCHUI MacCOBOI0 pacxoza Bo3ayxa (5kr/c u 10kr/c).
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a) Skr/c 6) 10kr/c

Pucynok 10 - Pacnipenenenue BeKTopa MOJIHON CKOPOCTH
B IICHTPE IPOAOIbHBIX CEUECHUI TONOYHOM Kamepnl (X=4 m)
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N3 pucynka 10(a u 6) MOKHO yBUJETh BO3IYIIHBIN MOTOK BCHPHICKUBAEMBIN
U3 OTBEPCTUS HA CTEHE HAMPAaBJIEH B LEHTP MOJ yrioM B 45 TpaaycoB, KOTOPHIU
MEePEMENINBACTCS C MBUICYTOJIBHBIM TOIJIMBOM, B CJIEICTBHE YETO B IIEHTPE KaMephbl
oOpa3yeTcsi TaHT€HIIMAJIbHBIN TTOTOK.

Ha pucynke 11 mpeacraBieHbl Takue XapakTEPUCTHKU adPOJUHAMUKHU TypOy-
JICHTHOTO TEYEHUS, KaK KWHETW4YecKas sHeprus TypOynentHoct k(Te) m auccuma-
1us TypOynenTHou sHepruit € (De), onpenensiembie cootHomenusmu (40) u (41) ge-
pe3 MyJIbCAIlMOHHBIE COCTABJIAIOMINE CKOPOCTH.

Amnanu3 pucynka 11 mokaspiBaeT, 4T0 MaKCUMyMa TypOyJeHTHas dHEprus kK u
ee IUCCUMAIMs € JOCTUTAIOT B LIEHTPAJIbHON 00JIaCTH HApOTHUB TOPEIOK. DTO 00b-
SICHSICTCSI TEM, YTO B 3TON 00JIACTH MTPOUCXOJUT BCTPEUYHOE CTOJKHOBEHHE TBLIETa30-
BBIX TTOTOKOB W3 MPOTHBOIIOJIOKHBIX TAHTEHIIMATHLHO PACTIONOKEHHBIX TOPEIOYHBIX
YCTPOMCTB, YTO MPUBOJUT K MAKCUMAJILHOMY BO3MYIIIEHUIO TE€UEHUS B ATOM 00JIaCTH
KaMepbl CropaHusi U K BBICOKOMY YPOBHIO TYpOYJEHTHOCTH 3/1eCh. A 3TO B CBOIO
ouepe/ib 00ecreunBaeT BHICOKME 3HAUEHUSI TypOYJIECHTHON KUHETUYECKON DHEPTUU U
ee JMCCUTIAIIMK, KOTOpPhIe coriacHo cooTHoleHusM (36), (42) u (57) HanpsMyto 3a-
BUCST OT MyJIbCAIlUNA CKOPOCTH (BO3MYIIIEHU) U YPOBHS TypOYyJIEHTHOCTH.
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a) Skr/c 0) 10kr/c

Pucynok 11 - TpexmepHoe pacripeeneHue TypOyJIeHTHON SHEPTUH B
CEUYEHUSX HUKHETO U BEPXHETO SIPYCOB rOPeJIoK

MpsI BUAMM, 9TO ISl CITydasi, KOT/Ia Yepe3 OTBEPCTHS B CTEHKE KOTJIA MOIAeTCs
OoJIbIlIe XOJIOAHOTO BO3ayXa (pucyHOK 110) 3HaUYeHHMS KaK KUHETHYECKOW IHEPTUH
TypOynentHoctu k(Te), Tak u nuccunanuu TypOyneHTHON 3Hepruit € (De) Beiie,
4yeM JJI Apyroro BapuaHTa (pucyHok 11a) [53].
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3.4 OcHOBHBIE XapPAKTEPUCTUKHU TEMJI000MeHA

Hacrosimas rmaBa auccepTaniioHHONW paOOTHI MOCBAIIEHA UCCIISIOBAHUIO TETl-
JIOBBIX XapaKTEPUCTHUK IMPoIlecca MPH TOPEHUHU TBEPIOTO TOILIMBA B MBUICBUIHOM CO-
cTosiHUM B kamepe cropanusi kotina bK3-420. Ha pucynkax 12-16 mpuBeneHsl pac-
YeTHBIC JaHHBIC TIOJIEH TemriepaTypbl. MBI BHAUM, YTO HAaWOOJBIINE W3MEHEHUS B
pacmpeeieHny TeMIiepaTyp HaOMI0aloTCsl B IEHTPATBHONM YacTH KaMephl CrOpaHUs
B 00JacTH MoJayd TOIUIMBHOM a’pOCMECH W BO3AyXa 4Yepe3 OTBEPCTHUSI TOPENIOK.
[IpoBenenre wcCleOBaHUS TEIJIOBBIX XapPAKTEPUCTHUK SIBISETCS BaXXHBIM JTAIOM
MOJICTTMPOBAHUS TPOIIECCOB TEIIOMACCONEPEHOCA TPU CKUTAHUU TMBUICYTOIBHOTO
TOILUIMBA, KOTOpoe ITO3BOISCT ONPEICIUTh TEMIICPATYPHBIC MO [0 BCEMY 00BEMy

TOIIOYHOM KaMephl U Ha BBIXOJIE U3 HEE.

Ha pucynke 12 mpencraBieHo mosie TemrepaTypbl B 00JacTH pacloIOKEHUs
HIDKHETO Iosica TOpeJIOK IPH MaccoBOM pacxoje Bozayxa Skr/c u 10 xr/c. s
cilydasi, KOrJa pacxoJ BO3/AyXa uepe3 OTBEpPCTHs paBeH SKr/c TeMiepaTypa Ha
IIPOTUBOIIOJIOKHOM TOpesikaM CTeHKe nocturaer 3HadeHui 1740°C, a npu pacxone
10 xr/c — 1440°C. 210 MOXHO OOBACHUTH OOJIBIIUMH OOBEMAMU JOMOJTHUTEIBHOTIO
Bo3ayxa ¢ Huskod temmeparypoi (T=340°C), momaBaeMoro uepe3 OTBEpPCTUS B
ceyeHun z=10.8m , 4TO ¥ IPUBEIO K YMEHBIICHUIO TEMIIEPATYPbI CTEHKHU MOYTH HA
300°C u K ee 3amuTe OT EPErpeBa.
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a) Skr/c 0) 10 xr/c

Pucynox 12 - Pactipenenenue temriepaTypsl T B MONEpeYHOM CEYECHUU
KaMepbl CrOpaHus B 30HE TOPENIOK HIKHETO sipyca (h=6,82 m)

Ha pucynke 13 noka3aHoO CpaBHUTENIBHOE paclpesieieHue TemIepaTryp B
00JacTh pacMoJIOKEHUsI BEPXHUX TOpenok. M3 pHCYHKOB MOHO BHJIETh, YTO
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MaKCUMaJIbHOE 3HAYEHUE TeMIlepaTyphbl HAOJIIOaeTcs B LIEHTPE KOTJa, B 00JacTH
CMENIEHUS] a3POCMECH U JIOTIOJHUTEIBLHOTO BO3/AYyXa, HAMPABICHOTO MO yIioM B 45
IpaaycoB K CTEHKE KoTia. Takas KOMIaHOBKa CO3[a€T yCJIOBUE JIsi 0Opa3oBaHUs
TyrooOpa3HOro MOTOKa, KOTOPBIM 3alllUIIaeT OT MeperpeBa CTEHKH M IOMOTaeT
YMEHBIIUTH TEMIIEPATYPy 00paTHOTO MOTOKA.
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a) Skr/c 0) 10 kxr/c

Pucynok 13 - Pacnpenenenue temmnepatypsl T B IOTIEPEYHOM CEUCHUHU
KaMephl CrOpaHus B 30HE Topesiok BepxHero sipyca (h=10,8 m)

Mpg1 BuuM, 4TO JJIS Ciydas, KOrja pacxoj BO3AyXa 4epe3 OTBEPCTHUS paBeH
SKr/c MakcuMmaibHas TeMIieparypa Ha MPOTHBOIOJIOKHON TOpelKaM CTEHKE
nocturaet 3nadeHuit 1528.29 °C, a nmpu pacxoxae 10 kr/c — ona cocrasmsier 1383.68
°C. Takoe CHIDKEHHE TeMIepaTyphbl CTEHKHA TOIOYHOW KaMephl TakKe OOBSCHACTCS
OOJBIIMM KOJUTHYECTBOM JOMOIHATENbHOTO Bo3yxa (T=340°C), momaBaemoro uepes
JIOTIOJIHUTENIbHBIE OTBEPCTUSI HA CTEHKE, PACIOJOKEHHOM HAMPOTUB TOPEIOYHBIX
yctporcTB. CKa3zaHHOE OTYETIMBO HAOMIOJAETCS Ha TPEXMEPHBIX Tpadukax
pacnpeneneHuss Temneparypbl (pUCYHOK 12) B yKa3aHHBIX CEUEHHUAX B 00JaCTH
BEPXHET0 M HHUXKHErO SPYCOB, TJI€ IO TEMIEPATYypHOU IIBETHOM IIKaje MOXHO
OTIPENICIIUTh BCE 3HAUCHUSI TEMIIEPATYPhI U UX Pa3JINUUeE.

Ha pucynke 14 npencraBiieHO TpeXMEpHOE MOJIe paclpeeeHus TeMIepaTypbl
B JBYX MpoaoibHbIX ceueHusX (Y1=2.95 m u Y3=11.4775m) kamepsl cropanus,
PAaCIOJIOKEHHBIX B OOJIACTAX KpallHUX TOpPEJIOK BEPXHETO0 M HUIKHETO SpycoB. MbI
BUJIUM, YTO MPHU PACXOJI€ AOMOIHUTEIBHOTO BO3/1yXa, PABHOIO SKI/C MakCHMallbHas
TeMIlepaTypa HaOJIIOJAETCS Y CTEHKH, PACIIOIOKEHHOW MPOTUBOIOJIOKHO TOpesiKam
u paBHa 1740°C B obnacTu HIKHETO sIpycB ropenok (Z=6.82m). A mpu pacxoze
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BO3yXa

10kr/c MOXHO 3aMETHTh,

4YTO 3HA4YCHHUC

3HAYUTEJILHO CHU3UJIIOCH MpuMepHO Ha 350°C.

Temperature

1 .7e+OOSE

1600

a) 5kr/c

\\

TEMIIEpaTypbl y CTEHKH
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1600
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——1200
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——800
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" ——400
44.3E200
0) 10 kr/c

Pucynoxk 14 - TpexMepHoe pacnpeesieHue MmoJisi TEMIIEPaTyphbl B IPOJOJIbHBIX
ceyeHuAx Y 1=2.95 m u Y3=11.4775m xamepsl cropaHust

Ha pucynke 15 mokaszaHbl moJis TeMMEpaTypbl Ha BBIXOJE M3 TOMOYHOTO
MPOCTPAHCTBA JJIsl ABYX 3HAUYECHUM pacxoja BO3lyXa U3 JOMOJIHUTEIbHBIX OTBEPCTUIA:
Skr/c u 10 kr/c. Kak MOXXHO BUIIETh U3 PUCYHKOB, BO BTOPOM ciiydae (pucyHok 150)
001acTh BBICOKHMX Temrepatyp boubiie, uem B iepBoM citydae (pucyHok 15a) [54].
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Pucynok 15 - TemneparypHoe 1ojie Ha BBIXOJI€ U3 KaMephl CrOpaHus
(X=12m)
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[TockonbKY TOpENIKM U OTBEPCTHUS JJIS TOTOJHUTEIBLHOTO BO3AyXa YCTaHOBIIE-
Hbl Ha MPOTHUBOIOJIOKHBIX CTEHKAaX W HalpaBJeHbl HABCTpEUy APYT K JAPYTY, TO B
[EHTPE TOMOYHON KaMephbl, B 30HE UX CONMPUKOCHOBEHUS MOTOKH, KaK ObUIO CKa3aHO
paHee, paccekaroTcsi. YacTh MOTOKa YXOAMUT B 30HY XOJIOJHOW BOPOHKH, 00pa3ys JBa
MPOJIOJIBHBIX BUXPS Ha BbicoTe HIbKe 10.8 MeTpoB, a yacTbh, MOCPEACTBOM 00pa3yro-
IICHCS TATH, HApaBisieTcsl K BeIxoay. Jlaiee, Mo Mepe MpOJBIKEHUS K BBIXOAY U3
TOMOYHOM KaMepbl XMMUYECKHUE MPOIIeCChl ocladeBatoT (pucyHoK 15), TemmnepaTypa
najaeT ¥ Ha BBIXOJIE €€ cpelHee 3HaueHue cocraiseT ~1045°C mus pacxoma Skr/c
(pucynok 15a) u 987°C - misa pacxona 10kr/c (pucynok 150).

CkazaHHOE BBIIIE MOATBEPKIACTCS IBYXMEPHBIMU IpapUKaMu pacrpeaeseHus
TEMITepaTyphl TI0 BBICOTE TOTIOYHOW KaMephl JJIS JBYX Pa3HBIX MACCOBBIX PacXOOB
JIOTIOTHUTEIBHOTO BO3[yXa 4Yepe3 OTBEPCTHE, MPEACTABICHHBIMH Ha pucyHKe 16.
AHaJIN3 pUCyHKa MOKAa3bIBa€T, YTO Ha BbIcoTe z1=6.82 u z2=10.8 MeTpoB pacmoso-
KEHBbl TOPEJIOYHBbIE YCTPOMCTBA, 4epe3 KOTOpbIE IMOAAETCA XOJIOAHAS a’pOCMECH,
HaOJIIOAI0TCS. MUHUMYMBI B pacipeielieHuu TeMiiepatypbl. Ha Beixoae kamephl mpu
MacCOBOM pacxojie BO3JyXa SKI/C 3HaUCHHUE TEMIEPaTyphl BBIIIE 10 CPABHUHUIO C
nogadeit mpu 10kr/c.

1600

— MITTEL(10 kg/s)
. —x— Aliyarov B. K [1, 154]
1500 — —o— Nagibin A.O [158]

. 1430 °C — MITTEL(S kg/s)
---------------------------- ¥ —¥— PK-39[1, 154]

1400 -| ! “

1300 * *

1180 °C

() . — - W 4] | SR e PO ¥

1100

T, [’C]

1000
900
800 -|

700

600 -

— .
0 5 10 15 20 25 30
H, [m]

Pucynox 16 - Cpennsisi Temneparypa mo BbICOTE TOMKH KOTIIa

D10 00BSACHSETCS TEM, UTO B 3TOW 00JIaCTH PacnoJiaraloTcs ropeku, Yepe3 Ko-
TOpPbIE€ TOCTYIMAET MbUICYTOJIbHOE TOIUIMBO M OKHCIUTENb MPU TEMIEpaType MEHb-
nieil, yem temmeparypa kamepbol. B o6nactu nosica ropesiok HabJIIOIAIOTCS U MaKCH-
MaJibHbI€ 3HAUEHUS TEMIIEPATYPbI, TaK KaK 3/1€Ch HAXOAUTCA Aapo (akena.

Temneparypa Ha BbIXOJ€ U3 TOIMOYHOM Kamepbl MOATBEPKIACTCS €€ IKCIEepHU-
MeHTaIbHBIM 3HaueHueMm (T=1171 °C), moaydeHHBIM HemocpeacTBeHHO Ha TOII,
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NPUBEACHHBIM B paboTax | yuciaeHHO. COMoCTaBisis 3T 3HAYEHUS, MOKHO 3aKJIIO-
YUTh: MPOBEJACHHBIA BBIYMCIUTEIbHBINA AKCIEPUMEHT IO OMNPEICTICHUI0 3HAUYCHUN
TeMIIepaTyphbl B 00beMe TOMOYHOM KaMephl, C JOCTATOYHOW TOYHOCTBIO COTIIACYETCs
C U3MEPEHHBIMU 3HAYCHUSIMU Temrepatypbl (pucyHok 16). DTo mo3BosseT CyauTh O
JIOCTOBEPHOCTH MOJIYYEHHBIX PE3YJIbTaTOB M MPUMEHUMOCTU HCIOIB3yeMOH (usnye-
CKOM, MaTeMaTU4YeCKOM U YHUCIECHHOW MOJENU K JaJbHEeHIleMy HCCIeIOBaHUIO TeM-

JIOBBIX M KOHIICHTPALIMOHHBIX XapaKTEPUCTHK TONoYHOM kamepbl bK3 420 AnmaTtun-
ckour TOII-2.

3.5 OcHOBHBIE XapaKTePUCTHKH MAacCOOOMeHa

MakcumanbHbIe 3HAYCHUST KOHIICHTpanuid yriekucioro raza CO, HaOmo1ar0T-
Csl B 30HaX, PACIOJIOXKEHHBIX OJIMKE K CTEHKaM TOIMOYHOU KaMephl. OIHAKO, MpH MO-
Ja4ye JOMOJHUTENBHOIO BO3/IyXa Yepe3 OTBEPCTHE CO CKOPOCThIO 10Kr/c KOHUEHTpa-
st CO, BOIU3U CTEHOK C OTBEPCTUSIMU BO3PACTaET.

OTO SIBIEHHE MOKHO OOBSICHUTH TEM, UTO M3-3a BBICOKOM TeMIepaTyphl B Ka-
Mepe CrOpaHus YaCTUIbl TOIUIMBA BOCIUIAMEHSIOTCS U B IPOLECCE TOPEHUSI OOUIBHO
BeIAessieTcs yrapubsiid raz CO. [lanee OH B3aUMOAEUCTBYET ¢ JONOJHUTEIBHO MOJA-
Ba€MbIM BO3JyXOM M Ha IYTH K BBIXOJAY U3 KaMepbl 00pa3yeT JBYOKHUCH YIJIEpoJa,
BIIOCJIEJICTBUM 4€ro KoHUeHTpauus auokcuaa CO, yrnepona ysennuubaetcs [ 160].

AHanu3 pucyHKOB 17-18 moka3bIBaeT, 4TO XapakTep pacHpeneeHUus YrIeKnc-
soro raza CO; NOJHOCTHIO MPOTUBOIIOJIOKEH XapakTepy pacnpenenenus okucu CO.
BunHo, 4To B 00J1aCTH BEPXHETO MOsiCa TOPEIOYHBIX YCTPOUCTB Ha BbicoTe 10,8 mMeT-
POB cpenHssl KOHIeHTpauus yriekucaoro raza CO, paBHa 1.104 kr/kr ansg pacxojna
JOTIOJIHUTENBHOTO Bo3yxa — Skr/c u 0.11 kr/kr - ans pacxona 10kr/c.
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Pucynok 17 - TpexmepHoe pacripenenenue nuokcuaa yriepoaa CO, B obactu
HIDKHHX Topesiok (Z=6.82 m) u B npoaosibHoM ceuenuu (Y1=2.95m) kamepsl
CTOpaHus
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Pucynox 18 - Pactipenenenue koHeHTpauu auokcuaa yriepoaa CO,
Ha BBIXOJI€ U3 KaMepbl cropanus (X=12 m)

Tornma kak konuentpauuss CO B 3Toil obmacTu MakcuMmaiabHa. B otimume ot
pacnpenenenus okucu CO, cpenHsisi KOHUEHTpanus yriaekucioro raza CO, no mepe
MPOJIBIKEHUS K BBIXOAY M3 TOMOYHOW KaMephl PACTET M Ha BBIXOJI€ MPUHUMAET 3HA-
yenue papHoe 0.172 Kr/Kr s pacxoja JOTOJHHUTEIBHOTO BO3ayXa — SKI/c (PUCYHOK
18a) u 0.164 kr/kr mis pacxoaa 10kr/c (pucyHok 180).

[Ipu pacxone AOMOTHUTENBHOTO Bo3Myxa 10 Kr/c Ha BhIXOJE U3 KaMephl Cro-
paHusi 3HA4YCHUE KOHUEHTpauuu AByokucu yriepoaa CO; menbmie Ha 4.65 % 1o
CPaBHEHUIO C PacX0J0M BO3yXa SKI/C, YTO COOTBETCTBYET MPEACIBHO TOMYyCTUMBIM
HOpMaM, MPUHATHIM Ha AeicTByromux TOL[. Takum 006pa3zom, MOKHO CHENATh BbI-
BOJI, UYTO BTOPOU CITydail CKMTAHWS TOILIMBA, KOTJAa PAacXoJ JOMOJHHUTEILHOTO BO3-
JyXa 4epe3 OTBEPCTHUS B CTCHKE TOMOYHOW KaMephl, PacIoyIOKCHHOW HAIpPOTHB T'O-
PEIOYHBIX YCTPOHCTB paBeH 10kr/c, obecreuynBaeT ONTUMATIBHBIA PEKUM TOPEHUS.

Ha pucynke 19 mpencraBieH CpaBHUTEIBHBIA TpaduK pacmpeneseHus: cpe-
HUX 3HaueHuil auokcuaa yriaepoaa CO; 1o BRICOTE KaMephbl CrOpaHus JJIS ABYX 3Ha-
YEeHUW MaccoOBOTO pacxoja Bo3ayxa S5 kr/c u 10 xr/c. AHanu3upysi TaHHBIA Tpapuk
MOXHO 3aMETHUTh, YTO B OOJACTH PACIOJIOKEHHsI TOPEJIOYHBIX YCTPOMCTB, a TaKKe
BBHIIIIC HUX, 3HAYCHHs] KOHIICHTPAIIMK YTJIEKUCIIOTO Ta3a JIs Ciyd4asi, KOTrJa pacxoj
JOTIOJTHUTEIHFHOTO BO3/yXa Yepe3 OTBEPCTHUSI B CTEHKE TOMOYHON KaMephl, pacroiio-
YKEHHON HANpOTUB TOPEJIOYHBIX YCTPOWCTB paBeH 10Kr/c BbIIe, YeM I pacxoja
BOo31yxa 5 kr/c. CkazaHHOE MOATBEPKIAETCS TPEXMEPHBIMU MOJSIMHU KOHIEHTpPALIH
CO, mnpencraBieHHbIMU Ha pucyHkax 17-18. OueBUIHO 3TO CBSI3aHO C TEM, YTO B
clly4ae KOrja KOJMYECTBO MOJaBAEMOI0 JIOMOJHUTEIBLHOTO BO3Ayxa Ooliblle, peak-
MU ropeHus ¢ oopazoanueMm CO, MPOUCXOIAT 60Je€ UHTEHCUBHO.

o1



0.20

50187kg‘kg
gl B o biTaskgkg |
0.16 —
— 0.14
o
g ]
S ]
= 0.12
& 4
@) ]
O 0.10
0.08 ] : —— MITTEL (5 kg/s)
A ; ' : : —x— PK-39 [1, 154]
i —— Aliyarov B. K [1, 154]
: : : ; —— MITTEL (10 kg/s)
0.06 5 : : ; —— Nagibin A.O [158]
0.04 +—— ]
0 5 10 15 20 25 30

H,[m]

Pucynox 19 - I'paduk pacripenenenus cpeHuX 3HAYCHUN TUOKCHIA
yriepoaa CO, 1Mo BEICOTE TOMOYHOW KaMephl JI Pa3JIMYHbIX 3HAUYCHHI Mac-
COBOT'0 Pacxo/ia IOMOJIHUTEIBHOTO BO31yXa

Ha BbIXOJi€ k€ M3 TOMOYHOrO MpocTpaHcTBa KoHueHTpamuss CO, npu 060Jib-
IeM pacxojie BO3Jyxa MeEHbIe, T.K. 00pa30BaHUE JBYOKHCH YIJIEpOJa 3aBUCHUT OT
3HAYCHUHN TeMreparypsl. B ciydae, korjma JOMOTHUTENbHBIA Pacxo BO3yXa paBeH
10kr/c, Temreparypa Ha BBIXOJI€ U3 TOMOYHOM KaMmepbl CHIkeHa Ha 58°C (pucyHOK
15-16), co3mansl ycioBus ais HeBeplieHHOU peakiuu goropanus CO go CO, yto
MPUBEJIO K CHUKEHUIO KOHIICHTPAIIMU JIBYOKHCH YyTJIepoAa Ha BBIXOJAE M3 KaMephl
cropanus. XOTs 3TO CHW)KEHUE HEBEJIUKO U cocTaBiseT 4,65%. Tak Mbl nMeeM i
OOJBIIIETO pacxojia JOTOJHUTEIHHOTO BO3yXa KoHIeHTpamuio CO, Ha BBIXO/IE, paB-
Hyto 0.164 kr/kr (pucynok 186), mis mensinero pacxoma — 0.172 kr/kr (pucyHoOk
18a).

KonienTpanuio okucu yriepojia MOKHO CHU3HUTh B CBS3U C YBEJIMUYEHUEM KO-
s dunrerTa n30bITKA BO3IyXa B KAMEPE CTOPAHUS U BHICOKUMH 3HAYEHUSIMU TEMIIe-
parypsl B Hel. Ho noBbllieHHEe TeMnepaTrypsl B TOIIOYHOW Kamepe HEU3MEHHO IPU-
BOJUT K yBeJIM4eHHIO 00pa3zoBanus okcuaoB azota NOy (NO u NO,), koTopsle npu-
3HaHBl B HACTOSIIEE BpeMs HanbOoJjiee TOKCUYHBIMU 3arpsS3HUTENISIMU OKpYKarolen
Cpellbl.

90% ot o011ero KoaIu4ecTBa OKCUJIOB a30Ta COCTaBIsgeT OKHUCh a3oTa NO, Ko-
Topas B ganbpHeumeM okucngercs 10 NO,. Okcuanl a30ta NOy BBI3BIBAIOT OKUCIICHUE
aTMOC(EpPHBIX OCAJKOB, CIIOCOOCTBYIOT (POTOXUMHUECKOMY 3arps3HEHUIO BO3JIyXa U
HMCTOHYCHHUIO 030HOBOTO cJos. CHIDKEHHE KOHIIEHTparuu okuciaoB azora NO,, obpa-
3YIOIIUXCS TPU TOPEHUU YTJISA, SIBJSIETCS OJHOM M3 TJIABHBIX 3a7a4 MPU pa3paboTKe n
AKCIUTyaTallMi YHEPreTUUECKUX YCTPOUCTB.

CymiecTByeT 1Ba OCHOBHBIX MCTOYHHKA 00pa30BaHUS OKCHIOB a30Ta: OKHCIIC-
HUE a30Ta BO3/lyXa (BO3yIIHbIE OKCUbI A30Ta) U OKUCIIEHUE a30Ta YIJsl (TOTJIMBHbBIC
OKCH/IBI a30Ta). B mbuteyronsHoM (akene npu Temmeparypax T<1500°C ocHOBHBIM
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HMCTOYHUKOM OKCHJIOB a30Ta SIBJIIETCA a30T TOIUIMBA, a MPU 00Jiee BHICOKUX TeMIIepa-
Typax T>1500°C Goblyto poib UrparoT BO3AYIIHEIC OKCHIBI a30Ta. BajKHYyIO POIIb
B MEXaHW3Me 00pa30BaHUs OKCHJIOB a30Ta UTPAaeT M KOJUYECTBO KHUCIOpOAa B 30HE
peakiuu, cleoBaTeNbHO, KoHIIeHTpalus NOy HanpsMyto 3aBUCUT OT Ko duimenTa
n30bITKA BO3/1yXa.

Ha pucynkax 20-22 npencraBiieHbl TpeXMEpHBIC TpaduKU pacrpeeeHus Iu-
okcuaa azora NO, mo npocTpaHcTBy TonouHou kamepbl koTia bK3-420 Anmatun-
ckoii TOII u Ha BBIXOJE W3 HEE, a TAKXKE 3HAYEHHUS KOHILIEHTPAILMK IO BBICOTE TOMOY-
HOM Kamepbl. BeIBOm O TOM, 4TO a30T TomumBa (OPMHUPYETCS B OCHOBHOM Ha
Ha4YaJIbHOM y4acTke ¢akena, ObUT CAellaH Ha OCHOBAaHMM MHOTHX JIKCIIEPUMEHTAIh-
HBIX UCCJICIOBAHUNA W TIOJITBEPKACH PACUCTHHIMU JAHHBIMH B HACTOSIICH TuccepTa-
IIUU. A 3TO CBOIO OYepe/b MOATBEPKIAACT POJIL a30Ta TOILIMBA B 00Opa30BaHUU OKHC-
JIOB a30Ta MPY TOPEHUU YTJIS.

NO2 [mg-Nm3]
-5e+003

NO2 [mg-Nm3]
-5e+003

4000

IS
<
=
=

|
o

3000

3000

2000
2000

1000
1000

WHIIIIIII‘H\HHH‘HHHHI|W
I
o

a) 5kr/c 0) 10xr/c

Pucynok 20 - TpexmepHnoe pacnpenenenue auokcus azota NO, B o0nactu
HWKHUX ropesiok (Z=6.82 m) u B nmpoaosipHoM cedernu (Y1=2.95m) TomodHoii ka-
MEpbI

Ha Boixome (pucyHok 21) MBI MMeeM CpelHee 3HaueHHE KOHIICHTpalluu
NO,=761mg/Nm® st pacxoa JOMONHATENBHOTO BO3AyXa, PABHOTO SKI/C (PUCYHOK
21a), u cpennee 3HaueHHe KoHIeHTparuu NO; Mo ce4eHuIo Ha BBIXOJE, paBHOE 655
mg/Nm® aist pacxozma -10kr/c (pucyHOK 216), 4TO BIOJNHE JOMYCTUMO IS HOPM Bbi-
opocoB NO,, nmpunaTeix Ha TOLl. B npepioxkeHHOM HaMHU BapuaHTe CKUTAHUS YTIIS
(pacxon JOMOTHUTENBHOTO Bo3ayxa paBeH 10 kr/c) ymensimmiach Ha 14% 1o cpas-
HEHUIO C TIEPBBIM cliydaeM. TakuM 00pa3oM, MOKHO BUJETh, YTO YBEIMYCHHE PACXO-
Jla IOTOJHUTEIBHO M0/IaBAEMOI0 BO3AyXa MPUBOJAUT K CHUKEHUIO CPEAHEN KOHIICH-
Tpanuu quokcuaa azora NO.,.

53



Omesok =110 (X=12 M) Ompesok [=110 (X=12 m)
% X =
S S
E 2801 pam o E 280+ N
N ! N 1
! |
2704 27.0+
26,04 d ' 260+ & -
250+ - - 250+ — . ‘
‘ 4.0 60 0 140 0.0 2,0 40 6.0 8.0 10.0 120 14.0
24.0 Ym) 24.0 " ¥ [m]
%0 X Makcnmym: 879.8 28 x Makeumym: 680
Cpeanee : 761 Cpeanee : 655
* Munumym: 712 * Munumym: 503
2201 2204
= 3
16l il NO2, |mg/.\m |
M:hmwhn*’u|h'mm!me g
780 800 900 500 530 560 590 620 650 680 700
a) 5kr/c 0) 10kr/c

Pucynox 21 - Pactipenenenue KoHLeHTpauu auokcua azora NO,

Ha BBIXOJIE U3 TOMOYHOU Kamepsl (X=12 m)

Ha pucynke 22 mpeacTaBieHO CpaBHUTEIIBHOE paCIpeseiCeHHe CPpeaHUX 3Ha-
yenuii koHmeHtpanuii NO, mo BbICOTE TOMOYHON Kamepbl. AHATU3UPYS PUCYHOK,
MOYHO 3aMETHUTh, UTO MO MEpe MPOJBIKEHUS K BBIXOJY U3 TOMOYHOU KaMephl KOH-
LEHTpalUXs JUOKCHIA a30Ta YMEHBIIAETCA. JTO CBSA3aHO MPEXKIE BCETO C NECTPYKIU-
er nuokcuaa azora NO; Mpu €ro B3aMMOJICHCTBUU C YTII€BOAOPOJAMH, YTIIEPOIOM,
KUCJIOPOJIOM H JIp., C YMEHBIIEHUEM TEMIIEPATYPhl B BEPXHUX CJIOSIX Ta30BOM CMECH
U KOHEYHO K€ YMEHBIICHHEM B ATHUX OO0JACTAX KOHILIEHTpAIMil a30Ta TOIUIMBA U
OKUCIIUTEISI, KOTOPBIN YK€ XUMHUECKU MPOpearupoBall BHU3Y B 00JIaCTH TOPEIIOK.
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Pucynok 22 - I'paduk pacnpeneneHus: cCpeqHux 3HaueHui quokcua azora NO,
10 BBICOTE TOTIOYHOM KaMepbl JJIsl Pa3IMYHbIX 3HAUEHUH MAaCCOBOI'0 pacxo/ia A0MOJI-

HUTCJIbHOI'O BO3/1yXa
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O XMMHUYECKON MOJHOTE CrOpaHus MOCTYIHUBILIETO B TOMOYHYIO KaMepy Mblie-
YTOJBHOTO TOIUIMBA MOXHO CYJIUTh M3 aHalin3a TpaduKoB pacmpeneseHus KOHIEH-

Tpauu kuciopona O, mo Bcemy o0beMy KaMepbl U Ha BbIXOJE U3 Hee (pUCYHKH 23-
25).
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Pucynoxk 23 - Pactipenenenue koHieHTpanuu kuciopoaa O,

B ITOIICPCYHOM CCUCHUHU KaMCEPbI CTOPaHHA B 30HC I'OPCIIOK HUXKHETO SApyCa
(h=6,82 m)
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Pucynox 24 - Pactipenenenue KoHIeHTpauu kuciaopoaa O,
B MTONIEPEYHOM CECYCHHUH KaMephl CTOPAHUS B 30HE TOPETIOK BEPXHETO sipyca

(h=10,8 m)
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Pucynox 25 - TpexmepHoe pacnpenenenue kuciopoaa O, monepeaHoM
CEYeHUH B 00JacTH BepXHUX ropesok (Z=10,8 M) u B mpo10JIbHOM CEUECHUHU
(Y3=11,477m) kamepsI CropaHus

Ha pucynke 26 mpencraBiieH CpaBHUTEIbHBIA TpaduK pacnpeneseHus: cpe-
HUX 3HaueHui kuciopoaa O, Mo BHICOTE KaMephbl CrOpaHus JIJIsl IBYX 3HAUYCHUN Mac-
COBOT0 pacxoja Bo3zayxa 5 kr/c u 10 kr/c.
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Pucynok 26 - I'paduk pacnpeaeneHusi cpeqHux 3HaueHuit kucnopoaa O, mo
BBICOTE KaMephbl CTOPaHUsI [yl PA3JIMYHbIX 3HAUEHUI MacCOBOTO pacxo/1a BO3ayXa U3
IPOTHBOTOPEJIOK
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Ecnu npoananusupoBaTh pucyHOK 26 B obnactu HuxkHero (Z1=6.82m) u
BepxHero (Z1=10.8m) ropenok, Mnpu TMojaue JOMOJHUTCIHHOTO BO3AyXa U3
OTBEPCTHI MacCOBOTO pacxojia B SKI/c 1Mo CpaBHEHHIO cociydaeMm B 10Kr/c 3HaUeHne
KOHIIeHTparuu kuciopoga O, HamHOTo OOJIbIE, KaK BIJKHO WX JUarpaMMbl, a Ha
BBIXOJIE U3 Kamepbl U Ha BbICOTEe 25M KOHIIEHTpauus kuciopoaa O, mpu mnojaye
BO3/[yXa C MacCOBBIM pacxoa0oM 10Kr/c Mo CpaBHEHHIO C MAaCCOBBIM PacxoJ0M B SKI/c
Ha 6% Oomnpiie. Ha BbicoTe kamepsl h=26,078M mpu obeux ciydasx MaccaBOTrO
pacxoja 3HA4eHHs KOHIEHTpaumii kucmopoma O, pasHa 6,67*107 kr/kr, dTO
SBIIBAETCSA OAMHAKOBBIMU. Kucaopos Bo3ayxa, KOTOPOro B €ro oo1iei Macce mopsii-
Ka 23%, SBISETCS OCHOBHBIM OKHCJIHUTENEM, YYaCTBYIOIIUM BO BCEX CTaJMSIX: Tope-
HUE JIETY4YNX, TOPEHHE KOKCOBOTO ocTtaTtka. OT ero m30bITKa WM HEAOCTaTKa B 30HE
MOJIayll a3POCMECH 3aBUCHUT TO, KaK OyJIeT MpOTEKaTh B IIEIIOM MPOIECC TOPEHUs
TOIIMBA B TOMOYHOU Kamepe. M3BecTHO, UTO [71s1 moAiep:KaHusi HOPMaJIbHOTO rope-
HUS yris He0OX0UMO TOJBOJUTH BO3/1yX B TOIIOYHOE MPOCTPAHCTBO MOCTOSIHHO U B
TakoM OOBEME, KOTOpbI TpeOyeTcss AJii IMOJIHOTO CrOpaHus TOIUIMBAa (MUHUMYM
XMMHEJI0’K0Ta U MEXHEI0KO0Ta).

['openue TomnmBa Moj AEHCTBHEM KHCIOPOAA BO3yXa - 3TO MPOLECCHl OKHUC-
JIEHUsI €r0 KOMIIOHEHTOB, COIPOBOXKJIAOLINECS OOJIBIIMM BBIJCICHUEM 3HEPIUH 3a
CUeT XMMHUYECKHUX PEAKIN 1 M3MEHEHIUEM KOHIICHTPAIM HE TOJIBKO COCTABIISIFOIINX
Y5, HO U KOHIIEHTPAIMH KUCIOPOa, HEMOCPEACTBEHHO YYaCTBYIOIIETO B 3TUX pe-
aKIUSX.
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CONCLUSION

According to the research conducted by the following conclusions can be for-
mulated in the performance of the thesis:

1.  The study of the processes of combustion of coal-dust torch based on the
Navier-Stokes equations and the heat and mass transfer equations for the effects of
non-linear effects of thermal radiation, flow turbulence, interfacial interactions, mul-
tistage chemical reactions, two-phase medium for given initial and boundary condi-
tions answ-sponding to the actual combustion technology Ekibastuz coal in cham-
bers, using 3D numerical simulation technology.

2. Computational experiments to study aero-dynamic, thermal and concen-
tration characteristics of combustion ka-measures boiler BKZ-420 Almaty TPP and
obtained velocity field, tempera tours, turbulent characteristics, concentrations of
harmful dust and gas emissions (COz2, NO2z, O2) and energy produced by combustion
of pulverized coal to the various openings and layout options additional air blowing
velocity (5kg / sec and 10 kg / sec).

3. A optimal combustion technology of high-energy fuel and best structural pa-
rameters of the combustion chamber of the boiler BKZ-420 Almaty TPP that improve
the wear resistance of power and reduce emissions of harmful substances into the at-
mosphere. The proposed technology of Ekibastuz coal combustion reduces the tem-
perature of the furnace wall opposite the burner units, at 300°C, i.e to 17.24%, carbon
dioxide COz2 - 4.65%, and nitrogen dioxide NO2 - 14%.

4. The results obtained in the thesis of the 3-D numerical modeling of process-
es occurring during the combustion of solid fuels (of high-carbon) in the combustion
chamber of real TPP (BKZ-420 boiler Almaty TPP-2), allow the development of new
technical solutions for the organization of the most efficient and "clean™ energy pro-
duction, as in existing power plants, and in the creation of new boilers. This makes it
possible to solve important problems and challenges of modern term power engineer-
ing and ecology.

5. The results have scientific value and provide more insight into the mecha-
nism of turbulent combustion of pulverized coal in the combustion chambers of pow-
er plants, which in turn contributes to the solution of fundamental problems of mod-
ern thermal physics, Macrokinetics, explosion combustion theory.

Stated in thesis solved the problem completely, and she dissertation meets the
scientific and technical requirements for studies in the field of modern thermal phys-
ics, Macrokinetics, combustion and explosion theory, thermal energy and the envi-
ronment.
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