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ABSTRACT

A plasma-coal burner is studied utilizing a model of plasma thermochemical preparation of coal for combustion,
implemented in the PlasmaKinTherm program. For boiler start-up and coal combustion stabilization, plasma-coal
burners do not require fuel oil or gas. The PlasmaKinTherm program combines thermodynamics and kinetics to
describe the thermochemical preparation of fuel in the plasma-coal burner volume. The purpose of the simulation was
to determine the conditions for plasma ignition of low-grade coal. A numerical study was carried out of the influence
of the plasmatron power on the ignition of the air mixture (coal + air). High-ash Ekibastuz coal was used in the
calculations. The distributions of temperature and velocity of gas and coal particles and concentrations of products
of plasma thermochemical preparation of coal for combustion along the length of the burner were calculated. As a
result of the analysis of the processes of plasma ignition of coal, their main patterns were revealed, including the shift
of the maximum temperatures and velocities of the products of thermochemical preparation of coal for combustion
upstream (towards the plasma torch), as well as the fact that the maximum values of temperatures and velocities of the
products do not depend on power plasmatron. At the plasmatron power determined by kinetic modeling, experiments
were conducted to test and validate the ignition and combustion conditions for a highly reactive two-component fuel
torch. The assumptions made during the development of the mathematical model were confirmed by comparing the

calculations with experimental data.
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1. Introduction

German thermal power plants are being restarted
and new natural gas processing facilities are
being built despite massive investments in green
technologies and renewable energy. A growing
number of investments are being made in coal
power. The European Union’s (EU’s) transformation
efforts have reached an important milestone with
this trend. Despite the best efforts of the fashion
environmental agenda, not everything is going as
planned. Sustainable and green technologies have
resulted in the expenditure of nearly 1 trillion euros.
As a consequence, Berlin is switching openly to coal
and gas now that its budget has hit rock bottom [1].

Only about a third of global electricity is generated
by coal, which is the most carbon-intensive fossil fuel.
While most countries are in the process of phasing
out coal, it will remain important for metallurgy and
power generation. There will be an increase in coal-
fired power generation, as well as an increase in CO,
emissions from power plants by over 2% per year.
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By 2030, coal power plants must be reduced by an
annual average of 10% if net zero is to be achieved.
According to the latest data, coal-fired power plants
continue to produce electricity at record levels for the
second year in a row - around 10400 TWh.
According to the International Energy Agency,
the amount of coal used to generate electricity in
the Asia-Pacific region increased by about 3% in
2022 compared to 2021 due to extreme weather
conditions and high natural gas prices. The number
of coal power plants in China has continued to grow,
and the nation’s coal capacity in 2022 is expected
to exceed its current level by 11GW. The energy
sector is adopting this strategy because of energy
security constraints, current economic benefits, and
the tendency to combine modern energy sources with
additional variable renewable energy sources. Due to
extreme heat, India has increased coal-fired power
production. The coal-fired power generation market
is expected to grow by more than 8.5% by 2022.
During Russia’s ongoing special military operation
in Ukraine, the European Union and the United
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Kingdom have again begun to use coal as an additional
energy source to improve their energy security. The
ongoing global energy crisis have forced the EU to
take steps to improve energy security while facing a
shrinking gas market and limited fuel supplies. In the
UK and some EU countries, plans are being discussed
regarding a return to full capacity of coal generation or
delaying the date of the closure of coal-fired thermal
power plants. Coal-fired power capacity is expected
to grow by about 10 GW in the winters of 2022 and
2023 in Germany. It is estimated that EU and UK coal
capacity will increase by 15% (19 GW) to 146 GW as
a result of the approved plan [2].

Energy efficiency improvements have always
been driven by the cost-effectiveness of power
generation and growing concerns about CO,
emissions. Electricity is generated by directly
converting the chemical energy of coal into thermal
energy and then directly converting this into electrical
energy. Thermal efficiency has been improved by
minimizing heat losses at low temperatures, reducing
the irreversibility of the process of converting coal’s
chemical energy into thermal energy, and maximizing
thermal energy production [3].

It is crucial for power generation to develop more
efficient, low-emission coal technologies in order to
reduce carbon emissions. In spite of rapid advances
in renewable energy and energy storage, fossil fuels
will remain a significant component of global energy
consumption. A report by the International Energy
Agency (IEA) estimates that coal will become the
leading source of electricity production by 2040,
surpassing all renewables except hydropower. World
Energy Outlook, published by the International
Energy Agency in late 2016, forecasts the construction
of 730 gigawatts (GW) of coal-fired power plants by
2040, mostly in developing nations.

Worldwide, coal-fired power plants have an
average efficiency of 33 percent, according to the
World Coal Association, which actively supports
HELE (High-Efficiency, Low-Emissions). For
modern stations, this figure rises to 45%, while for
«ready» stations, it is about 40%. By improving coal
power plant efficiency by just 1%, CO, emissions can
be reduced by 2-3% [4].

Coal-fired power plants continue to be a reliable
and stable source of energy. The use of new
innovative technologies at these stations is becoming
increasingly important as a result of modern
environmental problems. In addition to reducing
harmful emissions, they also reduce the impact on the
environment, which is hugely beneficial for human
health and the environment. These new technologies

are environmentally and economically efficient, which
allows us to prevent environmental problems while
also promoting the health and wellbeing of people
and animals. In order to create an environmentally
friendly and sustainable energy system, investing
in this area and developing these technologies are
essential. Developing plasma technologies in the
energy sector can help overcome the energy crisis.
In response to the increasing population growth and
its standard of living, plasma technology has become
increasingly popular and relevant for destroying solid
and liquid wastes containing carbon, including toxic
healthcare wastes [5-8]. Thermal power plants can
be repowered using plasma-assisted combustion to
increase combustion efficiency, decrease emissions,
and, most importantly, limit unburned fuel [9].

The main goal of coal energy development
is to develop new technologies to improve the
efficiency of solid fuel use, both environmentally and
economically. It is one of the innovative technologies
in this field to utilize plasma ignition, stabilize
combustion, and burn different types of coal with
plasma-coal burners (PCBs). Traditionally, fuel oil
and gas have been used in flaring and fire-up boilers
to stabilize the pulverized coal combustion. The new
system eliminates the use of fuel oil and gas altogether.
In plasma ignition and combustion stabilization
(PICS), an air mixture containing coal dust and air is
heated to the temperature necessary for coal volatiles
to be released and coke residue to partially gasify.
As a result, in the PCB coal is converted into a high
reactive two-component fuel (HRTF) containing
combustible gas and coke residue. With effective
mixing with air, HRTF ignites and burns sustainably
in boiler furnaces without further highly reactive
fuel. Fig. 1 illustrates the PCB diagram.

PCB design involves using mathematical and
physical models of thermochemical processes
involving oxidizers and fuels, as well as heat and
mass transfer. Using PICS technology in PCBs has
been studied numerically and experimentally to
improve environmental and energy efficiency. A
comparison is made between numerical simulations
and experimental data using thermodynamic and
kinetic models [10-12].

2. Kinetic modeling

The purpose of the simulation is to determine the
conditions for plasma ignition of low-grade coal.
The criterion for stable ignition and combustion of
the fuel mixture at the outlet of the PCB is a high
content of combustible gases (CO and H,), above
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Fig. 1. PCB diagram: 1 — air mixture; 2 — plasmatron; 3 — boiler furnace; 4 — HRTF torch.

15%, and gas heating to a self-ignition temperature
(>800 °C) [13]. In PlasmaKinTherm, which was
developed using TERRA and Plasma-Coal softwares,
a thermodynamic approach is combined with the
calculation of thermochemical transformations of
primary coal degradation products in the gas phase
to determine oxidation of coke residue carbon and
volatile release kinetics. A plasma source is used to
simulate the flow of coal and air particles in a two-
phase reaction channel. Particles and gas are evenly
mixed as they enter the PCB (Fig. 1). Plasma flame
heats the gas, which heats the particles. As the
particles heat up, the kinetic mechanism begins to
release volatile substances into the gas phase. Coal
particles and ash (mineral mass) are assumed to be
isothermal and inert components, respectively, in
the model based on one-dimensionality and quasi-
stationarity. The particles are also assumed not to
interact with one another. When pulverized coal
fuel interacts or mixes with plasma, it is heated by a
flow of high-temperature gas. In the model, organic
and mineral masses make up coal’s composition.
Coal’s organic mass is made up of carbon and
volatile substances (CH,, C¢Hs, CO, H,, H,O, CO,).
The kinetics of coal particle heating determines the
process of volatile release. When volatile substances
are released into the gas phase, a high-temperature
gas flow reacts with them. An equilibrium model of

local thermodynamics is implemented in TERRA
for calculating such reactions in the gas phase. The
thermodynamic method was used to calculate high-
temperature thermochemical transformations in gas
phase of primary coal degradation products based on
the oxidation of the coke residue and the kinetics of
volatile release.

In the numerical simulation of the PICS process,
Ekibastuz coal was used in a straight-flow cylindrical
PCB (Table 1). With its 40% ash content, 24%
volatile yield, and 5.8% moisture content, Ekibastuz
hard coal has a specific heat of combustion of 4000
kcal/kg. According to Table 1, coal has the following
chemical composition. Based on the data in Table
2, a model composition for Ekibastuz coal was
determined, wt.%: ash content — 40, C — 46.18, H, —
2.63, H,0 — 1.84, CO - 3.95, CO, — 1.4, CH, — 0.55,
CsHs —3.45.

Coal dust consumption was 1000 kg per hour,
while air consumption was 1429 kg/h, which implies
a dust concentration of 0.7 kg/kg in the air mixture.
The concentration of dust in the air mixture required
to obtain a HRTF torch in work [13] was found to be
sufficient for Ekibastuz coal. An initial temperature
of 27 °C is applied to the air mixture and the inner
wall of the PCB, which is 3 m in length and 0.15
m in diameter. Calculations were performed for PCB
plasmatron power of 40, 60, and 80 kW to determine

Table 1. Composition and technical characteristics of Ekibastuz coal, in mass percentages.

Technical characteristics

Moisture content  Volatile matter Fixed carbon Ash content per Total Higher calorific
per working per combustible dry weight value per dry
weight weight weight, kl/kg
5.8 24.0 30.2 40.0 100.0 16740.0
Chemical composition
H C S N 0O SiO, ALO;  Fe,04 CaO MgO K,O Na,O

3.05 48.86 0.73 0.8 6.56 23.09

13.8 2.15 0.34 0.31 0.16 0.15
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Table 2. Ekibastuz coal fractional composition

Fraction Particle diameter,  Fraction share, mass.
microns %
1 10 10
2 30 20
3 60 40
4 100 20
5 120 10

PICS of coal. In Table 2, coal dust fractional
composition is determined by sieve analysis. 60
microns was the average diameter of coal particles.

Figure 2—6 illustrate the results of the kinetic
calculations. In Fig. 2, the gas phase compositions for
40, 60, and 80 kW plasmatron powers are compared
along the length of the PCB. The process of ignition
occurs for all plasmatron powers (Fig. 2(a), 2(b),
and 2(c)). For all plasmatron powers, the curves of
the products of plasma thermochemical preparation
of coal (PTPC) for combustion are almost the same,
but the contents are different. A crucial indicator
is the concentration of flammable components
(CO+H,). Small-scale extremes of the concentration
curves of flammable gas (CO+H,) were observed
at the beginning of the channel (0.1-0.4 m): 1.4,
1.4, and 1.6%, respectively, for 40, 60, and 80 kW.
At plasmatron powers of 40, 60, and 80 kW, the
concentration of flammable components increases
with increasing temperature, reaching 18.6, 29.4, and
41.7% at the exit from the PCB, respectively. These
concentration values of flammable components
significantly exceed the level of their concentration
required for stable ignition of the air mixture at the
PCB outlet (>15%). The content of harmful gases is
important from the viewpoint of the environment.
Figure 2 shows a peak in CO, gas content at the half
length of the PCB at 40, 60, and 80 kW power levels.
Compared to traditional burners, these results are
much more environmentally friendly.

Temperature curves in Fig. 3(a)-3(c) are
qualitatively similar. The temperature of the gas and
coal particles increases along the length of the PCB.
For example, for power 60 kW the gas temperature
reaches a maximum (Tg=1849 °C) at a length of
1.38 m, but coal particle temperature does not reach
its maximum along the entire length of the flow part
(X=3 m), but the fine fraction of 10 um in size reaches
a maximum temperature (1415 °C) at a length of 2.06
m. Except for fractions 1 and 2, the temperature of
the gas in the PCB is higher than the temperature of
all coal fractions. Temperature differences between
gas and particle temperatures at exit from the PCB

(a) 100 ; : ‘ ; ;

(b)

0,5 1,0 1,5 2,0 25 3,0

(c)

100 5 T T T T T

0,1

Fig. 2. Change in the composition of the gas phase at a
plasmatron power of 40 kW (a), 60 kW (b) and 80 kW (¢)
along the length of the PCB.

increase with increasing size of coal fractions (Table
2). Carbon oxidation reaction of large coal particles
results in reduced heat release due to the slower
heating of large particles compared to small ones. In
the exiting PCB, the temperature of particle fractions
1 and 2 exceeded the gas temperature by 11 and 13
degrees, respectively, due to the carbon oxidation
reaction on the coal surface. Converging trends in
gas and particle temperatures indicate that gas and
particles tend to thermal equilibrium at the PCB
outlet (3 m). In general, from Fig. 3 it follows that
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Fig. 3. Change in the temperature of coal fractions at a
plasmatron power of 40 (a), 60 (b) and 80 kW (c) along
the length of the PCB: 1-5 — size fractions of coal particles
according to Table 2.

a plasmatron power of 40, 60 or 80 kW is sufficient
to heat and ignite particles, since at the output of the
PCB the gas temperature is higher than the ignition
temperature (800 °C).

According to Fig. 4, the gas temperature is
sufficient to ignite the coal particles for all calculated
variants. As the plasma torch power increases, the gas
temperature shifts toward the plasma source at the
beginning of the PCB channel (X=0 m). The range of
maximum gas temperatures is quite narrow and lies
between 1409 and 1849 °C.
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Fig. 4. Change in gas phase temperature at a plasmatron
power of 40 kW (1), 60 kW (2) and 80 kW (3) along the
length of the PCB.

Velocity curves in Figures 5(a)-5(c) are
qualitatively similar. Over the length of the PCB, coal
particles and gas and move at an increasing speed.
For example, at plasmatron power of 60 kW, gas and
coal particles are accelerated along its length of the
PCB from 13 m/s to their maximum velocity (Fig.
5(b)). The maximum gas velocity is 84.3 m/s over
a channel length of 1.44 m, decreasing to 62.1 m/s
at the exit of the PCB. The velocity curves of coal
particles accelerated by gas do not have an extremum
at the length of the PCB considered. In fraction 1,
coal particles reach 75 m/s at a 1.7 m PCB length. At
the PCB output, coal particles of other fractions have
maximum velocities of 72.7, 72.7, 64.6, and 58.9
m/s (curves 2-5). Gas and coal particle velocities at
the exit of the PCB are significantly higher than air
mixture velocities at the exit of conventional coal
burners (usually 20-30 m/s). Converging trends in gas
and particle velocities indicate that gas and particles
tend to dynamic equilibrium at the PCB outlet (3 m).

There is an extremum in the gas velocity curves at
plasmatron powers of 40—80 kW (curves 1-3) (Fig.
5(a)-5(c)). In response to an increase in plasmatron
power, the gas velocity shifts towards the plasma
source as its maximum velocity increases (Fig. 6).
Note that the maximum gas velocity varies between
64.9 and 84.28 m/s. Plasmatron powers of 40, 60, and
80 kW resulted in maximum gas velocity at lengths
of 1.74, 1.64, and 1.44 m. Gas velocity followed the
same sequence as temperatures at the burner exit.

At 40 and 60 kW, coal fraction velocities at
the PCB exit exceed 50 m/s, which is significantly
faster than air mixture speeds during traditional
solid fuel combustion. Plasmatron power fractions
exceed 15 m/s throughout the PCB, eliminating
coal particle separation during horizontal dust
pipeline transportation. During traditional solid fuel
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Fig. 5. Change in the speed of coal fractions at a plasmatron
power of 40 (a), 60 (b) and 80 kW (c) along the length of
the PCB: 1-5 — size fractions of coal particles according
to Table 2.

combustion, the coal fraction exits the PCB at a speed
greater than 50 m/s for all plasmatron powers. In the
horizontal PCB, particle velocities are higher than
15 m/s throughout, preventing particle separation. A
significant increase in the speed of the HRTF at the
output of the PCB, compared to the speed of the air
mixture at the exit of the burner during traditional
combustion of solid fuel, increases the range of the
HRTF torch.

Using kinetic modeling results, experiments were
conducted on the PICS process in PCB.

10 T T T T T
0,0 0,5 1,0 15 2,0 2,5 3,0
X, m

Fig. 6. Change in gas phase velocity at a plasmatron power
of 40 kW (a), 60 kW (b) and 80 kW (c) along the length
of the PCB.

3. Experiment

PICS experiments were conducted to test and
confirm the conditions for stable ignition and
combustion of the HRTF torch at PCB output,
determined by kinetic modeling, and to compare
calculations and experimental results. Experiments
were performed on a PCB (Fig. 7). The plasmatron
3 was placed at the beginning of the PCB (the
cylinder-lined section 2). Coal dust from hopper 4 is
mixed with air from centrifugal fan 6 to create an air
mixture. The fan provides an air flow of 1430 kg/h and,
accordingly, an initial speed of the air mixture in the
PCB of 15 m/s. In the PCB, the air mixture interacts
with the flame from the plasmatron 3. Plasma flames

Fig. 7. Diagram of experimental PCB: 1 — muffelized
section of the PCB; 2 — plasmatron installation nozzle in
muffelized section; 3 — plasmatron; 4 — coal dust hopper;
5 — dispenser for dust; 6 — PCB air supply centrifugal fan;
7 — nozzle confuser-diffuser; 8 — fan drive motor; 9 — the
screw mechanism is driven by a motor.
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Fig. 8. HRTF torch at PCB outlet during bench testing.

are created by blowing air between electrodes and
heating it to the plasma state. Plasmatrons produce
flames with temperatures exceeding 5000 °C [13].
PCB with a diameter of 0.15 m and a length of 3 m
was used for the experiments. The electrical power
of the plasmatron was 70 kW. The efficiency of the
plasmatron was 85%. Table 1 shows the coal used in
the experiments (Ekibastuz coal). By sieve analysis,
coal dust fractional composition is shown in Table 2.
An air mixture temperature of 27 °C resulted in coal
and air consumption of 1000 and 1430 kg per hour,
respectively. After commissioning, two experiments
on PICS were carried out. It was the primary objective
of the experiments to ignite the air mixture with
plasma and to obtain a stable HRTF torch at the PCB
outlet, as well as to determine the composition, the
temperature, and the degree of carbon gasification of
the HRTF torch. An air mixture with 0.7 kg/kg dust
concentration was established and maintained in the
experiments. As aresult of these conditions, an HRTF
torch was obtained, which self-ignited and burned
steadily at the PCB outlet (Fig. 8). As a general rule,
it is more difficult to ignite and burn a HRTF torch in
the open air than in the furnace volume of the boiler
with an organized secondary air supply. HRTF torch
combustion in the open air is more challenging.
4-5 m was the length of the HRTF torch. Digital
pyrometer Ircon Ultrimax Plus UX10P was used to
measure the torch’s temperature, which ranged from
600 to 3000 °C. Taking into account the temperature
range in which the measurement is made is important
when determining the measurement error. As aresult,
measuring temperatures below 1500 °C may result in
an error of up to 0.5% of the measured value, higher
temperatures may result in an error of up to 1%, and

temperatures over 2000 °C may result in an error of
as much as 2% of the measured value. One degree
is the minimum temperature resolution. Even in
the case of ignition of high-ash Ekibastuz coal, the
HRTF torch’s temperature varied between 1150 and
1180 °C, ensuring stable ignition and combustion
when mixed with air oxygen. With the help of
a specialized heat-resistant probe, gas samples
were collected for analysis. Figure 9 illustrates the
sampling scheme. Gas samples were taken using the
following steps. When the centrifugal fan 2 is turned
on, coal dust is supplied from the hopper 3 and an
air mixture is formed, ignited by the plasma flame.
A stainless steel probe with a diameter of 5mm was
attached to a section of the PCB in the volume of the
HRTF torch. By using a gas extraction syringe 6, a
high-temperature filter 4 and three-way valve 5 were
used to collect the required amount of gas. The filter
is made of replaceable superfine basalt fiber. The
Chromatek-Gazochrom-2000 gas chromatograph
was connected to the syringe containing the sample
in order to determine its composition.

There is no slag on PCB inner surfaces, which
is the main advantage of this technology. The coal
dust concentration in the air mixture is kept at 0.7
kg/kg, preventing solid fuel combustion in PCB and
limiting the PICS process temperature below the coal
ash softening temperature (here, Ekibastuz coal).
Ash from Ekibastuz coal softens at t;=1250 °C. As
a result of this process, the solid residue was passed
through a high-temperature filter with a replaceable
filler 4 to determine the residual carbon content (Fig.
9). An absorption gravimetric method was used to
determine the carbon content of condensed PICS
products.
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Fig. 9. Diagram of exhaust gases extraction from PCB: 1 — plasmatron; 2 — centrifugal fan; 3 — dust hopper; 4 — filter made
of superfine basalt fiber with replaceable filler for high temperatures; 5 — three—way valve; 6 — syringe for gas extraction;

7 — shut-off valves; 8 — diffuser.

4. Experimental and canculation results
comparison

A comparison of the experimental results and
calculations of PICS is presented in Table 3.
Experimental and numerical studies are compared
based on identical initial data (plasmatron power,
coal and air consumption, PCB geometric parameters
and dust concentration in the air mixture). According
to the Table 3, the HRTF temperature varies within a
narrow range of 1170-1180 °C and differs by no more
than 1% from the calculated temperature. There was
little difference between the calculated value (41.7%)
and the actual value (32.1% to 37.1%) of combustible
components (CO + H,). There was a variation between
53.8 and 60.5% in the degree of carbon gasification,
which differed only by 1% from the calculated
value. The discrepancy between experimental and
numerical values of key PICS parameters is not
greater than 24%. In multicomponent heterogeneous
plasma systems, such a discrepancy between
experimental and calculated data is to be expected
given the complexity of plasma two-phase PICS
processes. In addition, PlasmaKinTherm is suitable
for engineering calculations of PCB, as it adequately
reflects the basic laws of PICS.

5. Conclusion

In order to calculate plasma-coal burners and
describe the patterns of plasma flame interaction
with the air mixture under various initial conditions
of the process, the PlasmaKinTherm program and
the plasma thermochemical preparation model for
combustion of pulverized coal fuel are developed.
This model describes the PICS process along a
PCB by tracking temperature distributions, velocity
distributions, and concentrations of PICS products
based on thermodynamic and kinetic approaches.

In this work, the operating parameters of the
PCB were numerically studied, the distribution of
temperature and velocity of coal particles and gas,
and the concentrations of PCB products along its
length. When using a plasmatron power in the range
of 40-80 kW, stable ignition of high-ash coal is
ensured at an air mixture flow rate of 2430 kg/h. At
the output of the PCB, high temperatures (>1050 °C),
velocities (>50 m/s) and concentrations of flammable
components (>18.6%) are observed, sufficient for
stable ignition of the HRTF.

When plasmatron power is increased, the
temperatures and velocities maxima of PTPC
products shift upstream (towards the plasma source).

Table 3. PCB parameter comparison between experimental and numerical values

Method THRTF, °C G, vol. % Xe, %
CO H, CO, N,
Ist experiment 1170 24.6 7.5 32 64.7 53.8
2nd experiment 1180 27.8 9.3 2.2 60.7 60.5
Calculation 1184 26.5 15.2 1.4 55.5 57.6
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At this a narrow range of maximum temperatures and
velocities was observed, and the plasmatron’s power
had little effect on them.

PICS experiments were conducted to test and
confirm the conditions for stable ignition and
combustion of the HRTF torch at PCB output,
determined by kinetic modeling, and to compare
calculations and experimental results.

Analysis of comparison of calculation results with
experimental data confirms that the assumptions made
during the development of the model reflect reality,
and the PlasmaKinTherm program can be used for the
calculation and design of plasma-coal burners.
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YncjieHHOE U IKCNIEPUMEHTATbLHOE HCCIeJ0BaHUe
IUIa3MEHHOT0 BOCILUIAMEHEHHs] HH3KOCOPTHOIO
yras

B.E. Meccepane'?, M.H. Opsiabacap'?*, A.B. Ycrumenko'?

"MHctutyT nmpoGiiem ropenws, yi. boren6aii 6ateipa, 172,
Anmarsl, Kazaxcran

?Kazaxckuil HAllMOHAJIBHBII YHUBEPCUTET UM. anb-Papadu,
mp. anb-Oapadu, 71, Anmater, Kazaxcran

AHHOTALUA

[Ina3mMeHHO-yronbHas Tropelka HCCIEI0BaHa C
WCIIOJIb30BAHUEM MOJIEIH TJIa3MEHHOM TEpPMOXUMHU-
YEeCKOM MOATOTOBKH YIS K COKUTAHUIO, PEaTH30BaH-
Ho# B Buze nporpaMmbl PlasmaKinTherm. ITmazmen-
HO-YTOJIbHBIE TOPETIKK He TPeOYIOT Ma3yTa WM rasa
JUTS pPACTONKY KOTJIOB U CTAOMIIM3allMK TOPEHHS YT IS
IMporpamma PlasmaKinTherm o0benuHseT TEpMOIH-
HaMHUKy W KUHETUKY IJis ONHCAHHUSI TEPMOXHUMHYE-
CKOH IMMOATOTOBKY TOILTHMBA B 00BbEME IIa3MEHHO-Y-
rojapHOU ropenku. Llenpro MozjenupoBaHus ObLIO
OTIpeJieNIeHNe YCIOBUH IJIa3MEHHOTO BOCIIIIAMEHEHHS
HU3KOCOPTHOIO yris. Belio mpoBeaeHO 4YMCIIEHHOE
UCCIEAOBAaHUE BIUSHUS MOIIHOCTH IUIa3MOTpPOHA
Ha BOCIUIAMEHEHHE a’pocMecu (Yroiib + BO3IYX).
B pacuerax mMCHOIB30BaH BBICOKO3OJBHBIM 3KMOA-
CTy3CKUH yrojib. belim paccuuTansl pacnpeneieHus
TeMIIEPaTypbl U CKOPOCTH Ta3a U yTrOJbHBIX YaCTHUII
U KOHILIEHTPALMHI IPOLYKTOB ILUIA3MEHHOM TEPMOXU-
MUYECKOM TMOATOTOBKHU YISl K CKUTAHMIO TIO JIIFHE
ropenku. B pe3ynbraTte aHanu3a npoueccoB MIa3MeH-
HOT'O BOCIJIAMEHEHHUsI YTJIs BBISIBICHBI UX OCHOBHBIE
3aKOHOMEPHOCTH, B TOM YHCII€ CMEIICHHE MaKCH-
MaJbHBIX TEMIIEpaTyp U CKOPOCTEil MPOAYKTOB Tep-
MOXUMHUYECKON MOATOTOBKH YISl K CUTAaHUIO BBEPX
0 TIOTOKY (B CTOPOHY ILIa3MOTPOHA), & TAKXKE TO, YTO
MaKCHMaJbHble 3HAYEHHs TEeMIIepaTyp U CKOpPOCTeH
MPOAYKTOB HE 3aBUCAT OT MOIIHOCTH IIJIa3MOTPO-
Ha. ITpoBeneHbl HKCIIEPUMEHTHI IO IPOBEPKE U MOJI-
TBEPKJCHUIO YCIOBUN YCTOMYMBOrO BOCIIJIAMEHEHUS
U TOpeHHsl (axella BHICOKOPEAKIIMOHHOTO JABYXKOM-
MMOHEHTHOTO TOILIMBA MPH MOIIHOCTH IJIa3MOTPOHA,
ONPENEICHHON KUHETUYECKUM MOJACIUPOBAHUEM.
Crenannple IpH pa3pabOTKe MaTEeMaTUYECKOW MOJIe-
JIY JIONYINEHUH, OBUIM TOITBEPKIACHBI CPaBHCHHEM
pacdeToB C 3KCIIEPUMEHTAIBHBIMH JJAHHBIMU.

KiroueBrle crnosa: Yrojib, MIa3MEHHOEC BOCIIJIaMCHE-
HUC, INIa3MCHHO-YI'OJIbHAsA T'OPEJIKa, BBICOKOPCAKIH-
OHHOC NIBYXKOMIIOHCHTHOC TOIIJIMBO, MOACIIMPOBAHUC

TeMeH coOpTTHI KOMIpIAiH MJIa3MaNbIK TYTAHYBIH
CaHIBbIK KIHe IKCIIePUMEHTTIK 3epTTey

B.E. Meccepine'?, M.H. Opsiabacap'**, A.b. Ycrumenko'*

YKany npoGremanapsl HHCTUTYThI, berenbaii 6ateip kemr., 172,
Anmartsl, Kazakcran

29n-Dapabu arbiHgarel Kazak yiaTThIK yHUBEpcHUTETi, an-Dapa-
ou manr. 71, Anmatel, Kazakcran

AHJIATIIA

[Tna3zma-kemip orTeirsl PlasmaKinTherm G6arnap-
JaMachl TYpiHZE iCKe achIpbUIFaH KeMipli >KaryFra
[1a3MallbIK,  TEPMOXUMISUIBIK  JIaWbIHJAY —YITICIH
KOJJaHy apKbUIbl 3eprrengi. [lmazManmsik-xemip
OTTBHIKTaphl Ka3aHABIKTAPIbl JKaFy *XoHE KeMipAiH
KAHYBIH TYpaKTaHIBIPY YLIIH Ma3zyT HEMece Ta3Jbl
kaxer etneini. PlasmaKinTherm OGarmapmamacsr
IJIa3MaJbIK KOMIp OTTBIFBIHBIH KOJEMiHJIE€ OTHIHHBIH
TEPMOXHUMMUSUIIBIK JaWbIHIBIFBIH CUIIATTAy YIUiH Tep-
MOJIMHAMHKA MCH KMHETUKaHbI OipikTipeni. Moenb-
JIey MaKcaThl TOMECH CYPBITITHl KOMIPiH TIa3MalbIK
TYTaHy MIapTTapblH aHBIKTay OONIBl. Aya KOCIachl-
HBIH (KeMip+aya) TyTaHybIHa TJIa3MaTPOHABIK KyaT-
TBHIH 9CEpiHEe CaHJBIK 3epTTey KYprizuai. Ecentepae
KYJAimiri sxorapsl ExibacTy3 keMipi maiganiaHbUIIb.
OTTBIKTBIH Y3bIH/IBIFBI OOHBIHIIA Ta3 )KOHE KOMip Oer-
LICKTEePiHiH TeMIlepaTypachl MEH >KbUIJaM/IbIFbIHBIH
TapayJaphl )koHEe KeMip/li )KaFyFa apHaJFaH 1mia3mMa-
JBIK TEPMOXUMUSIIBIK TalbIHAAy OHIMACPiHIH KOH-
LeHTpanusuiapel ecentenii. KemipaiH Tmra3maibIk
TYTaHy NMPOLECTEPiH TaNgay HOTHXKECIHIE ONapAbIH
HETI3r1 3aHJBUIBIKTAPBl aHBIKTAJIbI, COHBIH IIIHJE
KOMIpJIi JKaFyFa apHallFaH TEPMOXHUMHUSIIBIK JAiibIH-
JIay OHIMIEpiHIH MaKCHUMAalJIbl TeMIlepaTypanapsl
MEH JKbUIAaM/IBIKTapBIHBIH KOFaphl aFbIHFa (TJ1a3Ma-
JIBIK aJlayFa Kapail) KbUDKYBIH, COHJIai-aK eWTKEeHI
OHIMJIEP/IIH TeMIepaTypaiapbl MEH KbUJIIaMIIbIFbI-
HBIH MaKCHUMAaJIBl MOH/IEP] TUTa3MaTPOHHBIH KyaThl-
Ha Toyenai eMec. KHHETHKANBIK MOJIEIbICY apKbUIbI
aHBIKTAJFaH IJ1a3MaTPOHIIBIK KyaTTa >KOFaphl peax-
THUBTI €Ki KOMITOHEHTTI OTBHIH aJlaybIHBIH TYPaKThI
TYTaHy ’KOHE KaHy IIapTTapblH CHIHAY XKOHE pacTay
YILIiH 3KCIIEPUMEHTTED JKYPri3iiai. MaTemMaTukaibik
MOJICIIBJII JKacay OapbIChIHA *KacalFaH OoJKamiap
eCcenTep/ii AKCIECPUMEHTTIK MOJIIMETTEPMEH Callbl-
CTBIPY apKBUIBI PACTAIIBI.
Tyliin ce3nep: keMmip, MmIa3MaiblK TyTaHy, Mja3ma-
JIBIK KOMIpP OTTBHIFBI, )KOFaphl PEAaKTHUBTI €Ki KOMIIO-
HEHTTI OTBIH, MOJCIBACLY.



