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ABSTRACT

One of the promising power engineering technologies is the plasma thermochemical
preparation of pulverized coal to burning using plasma-fuel systems (PFS). This
technology allows increasing the efficiency of fuel use and environmental indicators
of thermal power plants, as well as eliminating the use of fuel oil, traditionally used to
start-up the boilers and stabilize the combustion of a pulverized coal flame. This paper
presents the results of numerical experiments on ignition of pulverized coal in PFS.
PFS is designed for fuel oil-free start-up of the boilers and stabilization of pulverized
coal flame, and represents a pulverized coal burner equipped with plasma torch. Via
PlasmaKinTherm software which combines kinetic and thermodynamic methods
of calculating the processes of motion, heating, thermochemical transformations
and fuel mixture ignition in the volume of PFS, impact of the power of the plasma
torch and ash content of coal onto efficiency of fuel mixture ignition have been
determined. Also one of the main regime parameters of PFS providing ignition of the
fuel is concentration of coal dust in the fuel mixture which can vary within a wide
range. Therefore, conditions for fuel mixture ignition in PFS have been investigated,
depending on the concentration of coal in the fuel mixture in the range from 0.4 to
1.8 kg of coal per 1 kg of air. Calculations were performed for cylindrical PFS of 0.2 m
diameter and 2 m of length at fixed consumption of coal (1000 kg/h) and the plasma
torch power (60 kW) for three values of coal ash content (20, 40 and 70%). The basic
regularities of the process of plasma thermochemical preparation of fuel for burning
were revealed.
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Introduction

of a pulverized coal flame. However, carrying out
full-scale tests of PFS, which are complex heat and

At present, around 41% of electrical and thermal
energy in the world is produced at coal-fired thermal
power plants (TPP) [1]. By 2035 the share of solid fuels
in power generation will be 28% [2]. Such a high share
of the use of solid fuels in the energy sector requires the
development of energy-efficient and environmentally
friendly technologies.

There are new technologies for processing of organic
materials, including local fuels and energy resources,
for example plasma-assisted fuel processing technology
[3-5]. One of the promising technologies is the plasma
thermochemical preparation of pulverized coal to
burning (PTPCB) [6-8] using plasma-fuel systems (PFS),
the most common scheme of which is shown in Fig. 1.
PTPCB technology allows increasing the efficiency of
fuel use and environmental indicators of TPP, as well
as complete eliminating the use of fuel oil, traditionally
used to start-up the boilers and stabilize the combustion
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electrotechnical systems, is characterized by high cost
and labor costs, despite their external simplicity. The
technology of PTPCB consists in heating the fuel mixture
(coal dust + air) by electric arc plasma to a temperature
of devolatilization and partial gasification of coke. Thus,
a highly reactive two-component fuel (combustible gas
+ coke residue) of the specified composition is obtained
from the original coal in the PFS. When it is mixed with
air in the furnace of the boiler, the two-component
fuel ignites and burns steadily without the additional
highly reactive fuel (fuel oi or gas) traditionally used for
starting-up the boilers and to stabilize the combustion
of the pulverized-coal flame.

In contrast to the known studies of plasma ignition of
coals in the combustion chamber [9, 10] and fuel-fired
preparation of solid fuel to burning [10-12], PTPCB is
conducted in the volume of PFS when plasma flame,
having temperature of 5000-6000 °C, effects on air-
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Fig. 1. Scheme of the direct-flow PFS: 1 - plasma torch, 2 - fuel mixture, 3 - secondary air 4 - wall of the boiler furnace, 5 - furnace

of the boiler, 6 - flame of highly reactive two-component fuel.

fuel mixture directly [13, 14]. Application of plasma
allows accelerating processes of the thermochemical
transformation of solid fuel and oxidizer significantly.
This paper is devoted to solving the urgent problem of
numerical modeling PTPCB processes for the selection of
optimal regime parameters of the PFS. The application of
physical and mathematical models of heat-mass transfer
processes and thermochemical transformations of fuel
and oxidant in the PFS and the computer program that
implements them is necessary for the design of the PFS.

There are a number of mathematical models, which,
along with the experimental results can be used to
characterize the processes of ignition and combustion
of fuel [15, 16]. All of them are characterized by an
extremely simplified model of the interaction of the flow
of cold fuel mixture (T = 20-30 °C) with plasma flame.
Offered in a number of studies mathematical models
result in qualitatively and quantitatively reliable results
through the appropriate choice of process parameters,
but they are too time-consuming to carry out parametric
numerical analysis required when designing specific
firing installations.

To investigate numerically operation of direct-flow
PFS the program PlasmaKinTherm is used [17]. It was
developed based on computer programs Plasma-Coal
and TERRA [15, 16]. The program combines the kinetics
ofrelease of volatile and carbon oxidation of coke residue
with a thermodynamic approach to the calculation of
plasma thermochemical conversions of the products of
primary destruction of coal in the gas phase. This model
considers a two-phase (coal particles and air) chemically
reacted stream propagating in a channel with an internal
heat source (generally a heat source of any kind, for
example, torch of a plasma torch, electric arc, torch of a
microwave plasma torch) or without. Uniformly mixed
particles and gas flow into PFS, which is a cylindrical
plug flow channel with a plasma torch. The gas is heated
by the plasma heat source and heats the particles, as
soon as they reach a temperature of devolatilization
volatiles begin to evolve to the gas phase in accordance
with the kinetic mechanism of the process [15]. The
model is based on the assumption of quasi-stationarity

and one-dimensionality of the process, the particles of
coal are considered to be isothermal, and ash (mineral
mass) is an inert component. It is also assumed that the
particles do not interact with each other. Interaction
of pulverized coal mixture with plasma is considered
as heating of pulverized coal using flow of hot gas.
Composition of coal in the model is represented by its
organic and mineral matters. Organic matter of coal is
given by the set of volatiles (CH,, C¢H¢, CO, H,, H,0, CO,)
and carbon. The process of devolatilization is limited by
the kinetics of the heating of coal particles. The evolved
into the gas phase volatiles mix and react with plasma
torch. Model of local thermodynamic equilibrium,
which is implemented with the help of TERRA software
package [16], is used to calculate the reactions in the gas
phase. Such an approach allowed combining the kinetics
of the release of volatile and oxidation of carbon of coke
residue with the thermodynamic method of calculation
of plasma thermochemical transformations of the coal
destruction primary products in the gas phase.

To use the PlasmaKinTherm program in the
engineering calculations of the PFS, the program
was verified [17-22]. The verification of the
PlasmaKinTherm program was carried out during
realization of thermochemical preparation of fuel for
combustion in the laboratory and with implementation
on industrial boilers. For comparison of the calculated
and experimental data, coals of various degrees of
metamorphism (stone, brown and anthracite), humidity
and ash content were used; the power of the plasma
torch and the concentration of dust in the fuel mixture
were varied. As a result of tests and during operation
of plasma-fuel systems, results were obtained that
were in good agreement with the calculated ones.
Thus, the discrepancy between the calculated and
experimental values of the flame temperature did not
exceed 20%, the speeds at the exit from the PFS 15%,
and the concentrations of PTPCB products: for CO -
10%, H, -12% and for CO, - 15%. Given the extreme
complexity of plasma two-phase PTPCB processes
in multicomponent heterogeneous systems, such a
discrepancy between the calculation and the experiment
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is considered satisfactory, and the mathematical model
itself adequately reflects the basic patterns of PTPCB.

Numerical Experiment

With the help of the PlasmaKinTherm program a
number of calculations were carried out, the purpose
of which was to study the process of plasma ignition
of fuel in PFS, including investigation of the influence
of the plasma torch power and concentration of coal
dust in the air-fuel mixture on the temperature and
composition of the PTPCB products. The criterion for
stable combustion of the coal-gas mixture at the outlet
from the thermochemical preparation channel is a high
content of combustible gases (CO, H,), above 15%,
and heating of the gas at the outlet to the autoignition
temperature (>800 °C) upon contact with air in the
boiler furnace.

For numerical study of the process of plasma ignition
of coal in a direct-flow cylindrical PFS (Fig. 1), a high-
ash Ekibastuz coal was chosen. The consumption of coal
dust was 1000 kg/h, the initial temperature of the air-
fuel mixture was 27 °C, the internal diameter of the PFS
was 0.2 m. Coal characteristics are given in Table 1 [6].
Ekibastuz coal with an ash content of 40%, a volatile

yield of 24%, and a moisture content of 5.8% has a
specific heat of combustion of 16740 kJ/kg. Average-
equivalent diameter of the coal particles was 60 pum.

The effect of the power of the plasma torch on the
temperature, velocity, and composition of the products
of PTPCB was studied. Calculation of ignition and
combustion of coal is carried out for the following
values of the power of the plasma torch: 20, 40, 60, 80
and 100 kW.

It can be seen from Fig. 2 that ignition of coal
particles in a PFS is ensured at the powers of a plasma
torch of 40-100 kW (curves 2-5, respectively), whereas
at a power of 20 kW the gas temperature practically
does not increase along the length of the channel,
remaining at 110 °C, clearly insufficient for fuel ignition.
The effect of increasing the power of the plasma torch
on the gas temperature (Fig. 2) is manifested in the
displacement of the maximum of the temperatures to
the plasma source located at the beginning of the PFS
channel (X = 0 m).

As appears from Fig. 3 gas velocity curves are
characterized by extrema at a power of the plasma torch
from 40 to 100 kW (curves 2-5, respectively), whereas
at the plasma torch power 20 kW gas velocity along
the length of the channel practically is not increased,

Table 1

Characteristics of Ekibastuz coal, wt.%
Proximate Analysis Ultimate Analysis
Moisture (Total) 5.8 Hydrogen 3.05 Si0O, 23.09
Volatile Matter 24.0 Carbon 48.86 Al 04 13.8
Fixed Carbon (By Difference) 30.2 Sulfur 0.73 Fe,03 2.15
Ash 40.0 Nitrogen 0.8 CaO 0.34
Total 100.0 Oxygen 6.56 MgO 0.31
Higher Heating Value 16740.0 Ash 40.0 K,0 0.16
(Dry Mass Basis), k]/kg Total 100.0 Na,0 0.15

Ash Total 40.0
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Fig. 2. Gas phase temperature dependence along the PFS length
at variation of plasma torch power from 20 to 100 kW: 1 - 20
kW, 2 - 40,3 - 60,4 - 80, 5 - 100.

V, m/s

1

T T T T

0.0 0.5 1.0 1f5 2.0 2.8 3.0
X, m
Fig. 3. Gas phase velocity dependence along the PFS length at

variation of plasma torch power from 20 to 100 kW: 1 - 20 kW,
2-40,3-60,4-80,5-100.
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remaining 11 m/s, which is associated with low level of
temperature at this power of the plasma torch (Fig. 2).
Impact of increasing the power of the plasma torch on
the gas velocity (Fig. 3) is in shift the velocity maximum
to the plasma source, located at the beginning of the PFS
channel (X = 0 m). Note that the maximal values of the
gas velocity vary within a narrow range of 66.3-67.9
m/s. The behavior of velocity curves is similar to that
of temperature curves for the same plasma torch power
(Fig. 2).

Figure 4 shows the change in the composition of the
gas phase along the PFS length at a power of the plasma
torch of 60 kW. For the power of a plasma torch of 100
kW, the behavior of the concentrations of products
of PTPCB is qualitatively similar. The obtained values
of the concentrations of PTPCB products at the outlet
of the PFS indicate the ignition of the air-fuel mixture.
As the temperature in the PFS channel raises, the
concentrations of combustible components increase,
reaching 30.9 and 43.7% at the output from the PFS,
for the powers of the plasma torch 60 and 100 kW,
respectively. When the power of the plasma torch is
20 kW, the ignition of the fuel mixture is not initiated.
The concentration of oxygen and nitrogen corresponds
to their content in the initial air along the entire length
of the PFS, and the concentrations of the formed carbon
dioxide (CO;) and water vapor (H,0) do not exceed
0.3%.

The performed numerical investigation of the PFS
parameters in relation to the power of the plasma torch
made it possible to find changes in the temperatures
and velocities of the gas and coal particles, as well as
the concentrations of the products of PTPCB along the
length of the PFS. Calculations have shown that in the
power range of a plasma torch of 40-100 kW, a stable
ignition of high ash coal is achieved at an air-fuel
mixture rate of 1667 kg/h. This is confirmed by a high
level of temperatures and concentrations of combustible
components at the PFS exit. With an increase in the
power of the plasma torch, the temperature and velocity
maxima of the PTPCB products are shifted upstream (in
the direction of the plasma torch). The maximum values
of temperatures and velocities vary within a narrow
range and are practically independent of the power of
the plasma torch.

Steam coals are usually low-grade. They are
characterized by a high humidity (up to 50%), ash
(up to 80%), and low-volatile (less than 4%) [20, 21].
Ekibastuz coal ash content, which is the main power-
generating fuel of Kazakhstan varies from 20 to 70%
depending on the field [22]. The increase in ash content
entails a corresponding decrease in the specific heat
of combustion of coal. Therefore, it was investigated
the effect of the ash content to the process of plasma
thermochemical preparation of fuel in the PFS. In the
calculations the plasma torch power is assumed to be
equal to 60 kW.

100 T T T T T

Fig. 4. Change of the gas phase composition over the PFS length
at plasma torch power of 60 kW.
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Fig. 5. Variation of temperature of the gas phase along the PFS
path at coal ash content of 20 to 70%: 1 - 20%, 2 - 40, 3 - 60,
4-70.
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0.0 0.5 1.0 1.‘5 20 2.5 3.0
X, m
Fig. 5. Variation of velocity (b) of the gas phase along the PFS

path at coal ash content of 20 to 70%: 1 - 20%, 2 - 40, 3 - 60,
4-70

Figures 5 and 6 display variations of temperature
and velocity of the PTPCB gas phase products along
the PFS. As can be seen from Fig. 5 temperature of the
gas phase increases along the PFS length reaching a
maximum in the central section of PFS (1.5-1.7 m). The
maximum temperature is 2180, 1935 and 1845 °C for
the ash content of 60, 40 and 20%, respectively.
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When the coal ash content of 70% the gas
temperature reaches 710 °C that indicates a lack of the
combustion process evolution. At the exit of PFS gas
temperatures for the ash content of 20, 40 and 60% are
relatively high (1260, 1332 and 1589 °C, respectively)
for intensive self-ignition of PTPCB products (Table
2) when mixed with secondary air in the furnace of
the boiler. Calculations revealed unobvious fact of
exceeding the temperature of the gas phase for coal
with high ash content. This is associated with a fixed
concentration of pulverized coal in the fuel mixture in
the calculation of all variants, and leads to an excess
of oxygen at high ash content and a lack of oxygen
at low ash content. With regard to the calculation of
the process for ash content of 70%, the insufficient
development of the process is due to low content of
combustible components in the high-ash coal.

Velocity of the gas phase (Fig. 6) varies along the PFS
length similar to temperature. The gas velocity increases
along the PFS length, reaching a maximum at the central
section of the PFS (1.5-1.7 m). The output (3.0 m)
velocity of the gas amounts to significant quantities:
47,49 and 57 m/s, for the ash content 20, 40 and 60%,
respectively. Note that the exit velocity of primary air
in conventional pulverized coal burner is not more than
30 m/s.

Table 2 presents the gas phase components
concentrations, temperature and the carbon conversion
degree at the output of the PFS. In the table are indicated:
T¢is the flame temperature, C; is concentration of gaseous
components and XC is the degree of carbon conversion.
X¢ is determined from the carbon content of the solid
gasification products calculated in accordance with the
following equation:

Xc = (Cin-Chn)/Cin - 100%,

where C,, is the initial amount of carbon in the coal, and
Csn is the final (at current temperature of the process)
amount of carbon in the solid residue. The table shows
that the concentration of combustible components
(H; and CO) is reduced with increasing ash content at

almost complete lack of oxygen. The concentration
of oxidants (CO, and H,0) increases, indicating that
sufficient development of the process of PTPCB. When
the ash content 70% combustible components are
not formed at significant concentrations of oxygen
(13.27%) and nitrogen (79.83%) in the gas phase. The
temperature of the gaseous products at the PFS outlet
increases with ash content that is a consequence of heat
emission due to the exothermic reactions of oxidation
of carbon to CO,. The degree of carbon conversion also
increases with the coal ash content, which is associated
with increasing temperature and decreasing the initial
carbon concentration.

The study of the influence of the concentration of
coal dust in the air-fuel mixture on the temperature
and composition of products of PTPCB is necessary
to identify general patterns of changes in the main
parameters of the process of PTPCB and the selection of
the optimal operating mode of the PFS.

The calculations were carried out for the following
concentrations p (kg/kg air): 0.4, 0.6, 0.8, 1.0, 1.2, 1.4,
1.6 and 1.8. The moisture content of the coal was 5%.
The diameter of the cylindrical channel of the PFS, the
power of the plasma torch and the consumption of coal
dust remained unchanged - 0.2 m, 60 kW and 1000 kg/h,
respectively. Calculations were performed for three ash
content of coal 20, 40 and 70%.

Table 3 presents the results of calculations of the
influence of the concentration of coal dust in the fuel
mixture on the main parameters of the PTPCB process
(temperature and composition of the products of PTPCB
at the output of the PFS). It follows from the table that
the initiation of the PTPCB process for fixed values
of ash content of coal is carried out at different dust
concentrations in the air-fuel mixture. With increasing
ash content of coal, ignition of the fuel mixture is ensured
with a higher dust concentration in the fuel mixture.
Thus, for coal ash content of 20%, the ignition of the air
mixture is observed at a dust concentration of 0.6 kg/
kg, for 40% at 0.8 kg/kg, and for coal ash content of 70%
at 1.6 kg/kg, which follows from a noticeable excess of
the total concentration of combustibles components

Table 2
Integral characteristics of the PTPCB products at the PFS exit
C, vol.% Ash, %
20 40 60 70

H, 15.31 9.82 4.29 0
CcO 27.79 21.07 13.65 0
0, 1-10° 1-10° 5-10°¢ 13.27
CO, 0.62 3.31 6.55 3.78
H,0 0.94 4.69 8.42 3.11
N, 55.36 61.1 67.09 79.83
T, °C 1260 1332 1589 515

X, % 12.5 28.6 96.4 42.9
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in the products of PTPCB more than 15% and their
temperature more than 800 °C at the PFS exit. It should
be noted that for all the analyzed coal ash the process of
PTPCB proceeds in parallel with the combustion of fuel,
as evidenced by the presence of carbon dioxide (CO,)
with a significant concentration at the output of the PFS.

Figure 7 shows the generalized dependence of
the total concentration of CO and H, on the dust
concentration for various ash content of coal. It can be
seen that for the coal ash content of 20 and 40% with
increasing dust concentration in the air-fuel mixture, the
total concentration of syngas (CO+H;) passes through a
maximum at 1.0 and 1.3 kg/kg, respectively. With a coal
ash content of 70%, the syngas concentration gradually
increases with increasing dust concentration in the air
mixture, reaching a maximum at a concentration of 1.8
kg/kg.

Figure 8 shows the temperature dependence of the
gaseous products of PTPCB as a function of the dust
concentration for the coal ash content of 20, 40 and 70%.
It follows from the figure that for all the analyzed coal
ash the temperature curves pass through a maximum
at 0.6, 0.7 and 0.9 kg/kg, respectively. With a coal ash
content of 70%, the syngas concentration gradually

increases with increasing dust concentration in the air
mixture, reaching a maximum at a concentration of 1.8
kg/kg.

It follows from the comparison of Figures 7 and 8
that the ignition of the air-fuel mixture (T > 800 °C) is
ensured at dust concentrations of 0.6-1.0 kg/kg for coal
ash content of 20%, 0.7-1.4 kg/kg for coal ash content
of 40%, and 1.5-1.8 kg/kg for coal ash content of 70%.

A study of the influence of the concentration of
coal dust in the air mixture on the temperature and
composition of the products of plasma thermochemical
preparation of fuel for combustion showed that a
reliable ignition of the air mixture is ensured in the
entire investigated range of ash content of coal (20-
70%) at coal dust concentrations in the air-fuel mixture
flow (0.5-1.8 kg/kg) used for operating pulverized coal-
fired power plants.

Conclusions

1. PlasmaKinTherm program, which combines
the kinetic and thermodynamic methods describing
the PTPCB process in the volume of PFS, was used to
perform a numerical investigation of the PFS parameters

E?f:!::f the concentration of coal dust in the fuel mixture on the temperature and composition of the products of PTPCB at the PFS
exit
Ash, % w, kg/kg T, °C C;, vol.%

co H, CO,

20 0.4 187 - - 0.5
0.6 1537 14.0 5.6 5.7

0.8 1056 16.3 8.3 5.7

1.0 910 20.0 11.0 4.3

1.2 779 19.4 11.8 49

1.4 588 1.4 2.2 14.4

40 0.4 165 - - 29.0
0.6 1628 8.9 2.5 8.4

0.8 1255 12.3 5.3 7.0

1.0 1066 15.3 8.2 6.0

1.2 938 18.2 10.8 49

1.4 805 20.6 12.2 4.3

1.6 709 3.0 4.2 11.7

70 0.6 626 - - 3.5
0.8 1749 2.7 0.5 12.4

1.0 1450 4.9 1.3 11.0

1.2 1335 7.2 2.5 9.6

1.4 1217 9.5 4.1 8.4

1.6 1081 11.2 5.8 7.8

1.8 987 11.9 6.7 7.7
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Fig. 7. Dependence of the total yield of CO and H; at the PFS exit
on the dust concentration: 1 - Ash 20%, 2 - 40, 3 - 70.
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Fig. 8. Dependence of the gas temperature at the PFS exit on
the dust concentration: 1 - Ash 20%, 2 - 40, 3 - 70.

depending on the plasma torch power, ash content
of coal and concentration of coal dust in the air-fuel
mixture. The program combines the kinetics of release
of volatile and carbon oxidation of coke residue with a
thermodynamic approach to the calculation of plasma
thermochemical conversions of the products of primary
destruction of coal in the gas phase. In the program a
two-phase (coal particles and air) chemically reacted
stream propagating in a channel with a plasma jet or
without is considered.

2.Variations in the temperatures and velocities of the
gas and coal particles, as well as the concentrations of
PTPCB products along the length of the PTS, are found.
Calculations have shown that in the power range of a
plasma torch of 40-100 kW, a stable ignition of high ash
coal is achieved at an air-fuel mixture rate of 1667 kg/h,
which is confirmed by the high temperature (up to 1470
°C) and the concentrations of combustible components
(up to 44%) at the PFS output.

3. With an increase in the power of the plasma torch,
the temperature and velocity maxima of the PTPCB

products are shifted upstream (in the direction of the
plasma source). The maximum values of temperatures
and velocities vary within a narrow range of values and
are practically independent of the power of the plasma
torch.

4. Numerical investigation of indicators of the PTPCB
process in dependence on ash content of coal in the
range of its values 20-70% is fulfilled. It is shown that
the PFS exit concentration of combustible components
(H, and CO) decreases with increasing ash content,
the temperature of gaseous products increases and
the degree of carbon conversion of coal increases to a
maximum value when the ash content is 60%, decreasing
sharply with further increase in the ash content.

5. A study of the influence of the concentration of
coal dust in the air mixture on the temperature and
composition of the products of plasma thermochemical
preparation of fuel for combustion showed that a
reliable ignition of the air mixture is ensured in the
whole investigated range of ash content of coal (20-
70%) at coal dust concentrations in the fuel mixture
flow (0.5-1.8 kg/kg) used for operating pulverized coal-
fired power plants. With increasing ash content of coal,
ignition of the fuel mixture is ensured with a higher dust
concentration in the fuel mixture. For all the analyzed
coal ash the process of PTPCB proceeds in parallel with
the combustion process of the fuel, which is confirmed
by a significant concentration of carbon dioxide at the
output of the PFS.

6. The conducted complex of numerical studies of
PTPCB revealed the main regularities of heating and
thermochemical transformations of pulverized coal
in PFS, which makes it possible to use them in the
design of the PFS for fuel oil-free start-up of boilers and
stabilization of combustion of a pulverized coal flame at
thermal power plants.
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I[lnasMeHHOe BOCIJIaMeHeHHe NblJIEYyTOJIBHOTO (1)3-
KeJia

B.E. Meccepsie'?, A.B. Ycrumenko?, K.A. YM6eTkanues!

! MHcTUTYT npo6JsieM ropeHus, yia. boren6ai 6aTbipa,
172, Anmatnbl, Ka3zaxctaH

UHCcTuTyT Terodusuku uM. C.C. Kyrarenanze CO PAH,
np. akajeMuKa JlaBpeHTrbeBa 1, HoBocubupck, Poccus
3TOO «IlnazmatexHuka R&D», yi1. Haypbiz6ait 6aTbipa,
26/41, Anmarsl, KazaxcraH

AHHOTALUA

[I1a3MeHHasi TEPMOXUMUYECKaAs MOrOTOBKA Iblie-
YTOJILHOTO TOIJIMBA K CXKUTAHHUIO C HCIOJIb30BaHUEM
n1a3aMeHHO-TomIMBHBIX cucteM (IITC) sBasieTcs on-
HOU W3 MEPCHEeKTUBHBIX IHEPTeTUIECKUX TEXHOJIOTHH.
JTa TEXHOJIOTHS MMO3BOJISIET MOBBICUTDH 3 PEKTUBHOCTD
TOMJIMBOUCIIOJIb30BaHUSA U YAYYIIUTbL 3KOJOTHYEeCKHUe
noKasaTeJd TEeNJIOBbIX 3JIEKTPOCTAHLHUH, a TaKxKe HC-
KJII0YUTb UCNOJb30BaHUE Ma3yTa, TPaAULIMOHHOIO TO-
IJIMBA /I paCTONKU KOTJ/IOB U CTaOUJIN3aLUU TOpPEHUs
nbLIeyroabHoro ¢pakesa. B fanHoit paboTe npejacrasJie-
HbI pe3yJIbTaThl YUCJIEHHBIX PacYeTOB BOCIJIaMeHEeHUs
nbuieyronbHoro ¢akesna B I[ITC. [ITC npenHa3HaueHa
i1 6e3Ma3yTHOM PacTONKU KOTJIOB M CTAaOWJIN3ALUU
ropeHusl NbLIeyroJbHOro ¢pakesa U NpeACTaBIsgeT CO-
601 OCHAIlleHHYI0 NJIa3MaTPOHOM IbIIEYTOJbHYIO T'0-
pesiky. C momoubio nporpamMmmel PlasmaKinTherm, 06s-
eIUHAIONIEH KUHEeTHYeCKHe U TepMOJUHAMHYEeCKHe
MeTO/ibl pacyeTa MPOLLEeCCOB JBUXEHUS, HAarpeBa, Tep-
MOXMMHYECKUX NpeBpallleHUH U BOCIJIaMEHEHUS Mbl-
JleyroyibHOU cMecu B 06beMe [ITC, paHee GblJIO BBISIB-
JIEHO BJIMSIHHE MOUIHOCTU IJIa3MOTPOHA U 30JIbHOCTH
yrast Ha 3$deKTUBHOCTb BOCIIJIAMEHEHUS] a3pOCMECH.
Takke OAHUM K3 OCHOBHBIX PEXHUMHBIX NapaMeTpPOB
[ITC, obecneynBarLMX BOCIJIAMEHEHHE TOIJIMBA, SIB-
JIIeTCsl KOHLIEHTPAlUsl YTroJbHON IbLIA B a3pPOCMECH,
KOTOpasi MOXKeT BapbUPOBAThCA B LIUPOKUX MpeIesax.
[ToaToMy 6bLIM KCCI€/JOBAaHBI YCIOBHS BOCILJIAMEHEHUS
aspocMecu B I[ITC B 3aBUCUMOCTH OT KOHLEHTpaLUU
yrJis B aspocMecu B uHTepBaJie oT 0.4 go 1.8 kr yrJyig Ha
1 xr Bo3ayxa. PacyeTsl BbINOJTHEHBI NIPUMEHUTENBHO K
nuanHapudeckoi [1TC guamerpom 0.2 M U AJIMHOHU 2 M
npu GUKCUPOBAHHBIX BeJUYHWHAX pacxoja yrus (1000
Kr/4) ¥ MOILHOCTH Ia3MoTpoHa (60 kBT) gna Tpex
3HaueHUH 30abHOCTH yris (20, 40 u 70%). BoisiBsieHbI
OCHOBHbIE 3aKOHOMEPHOCTHU IIpoliecca IJIa3MeHHOU
TEPMOXUMHUYECKON MOJTrOTOBKU TOIJIMBA K CKUTAHUIO.
Kamouesble ca08a: yrojib, a3pocMech, IJ1a3Ma, BoCcIiaMe-
HeHUe, YUCJIEHHbIN 9KCIIEPUMEHT.
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ITaHKeMipJii »Ka/IbIHHBIH, VIa3MaJIbIK, TYTaHYbI
B.E. Meccepiie'?, A.B. Yctumenko?, K.A. YMGeTkasues!

Xany npo6sieMap MHCTUTYTHI, Beren6ai 6ateip k., 172,
Anmatsl, Kazakcran

PFA CB C.C.Kyrartenanm3e atbiHgarbl JKbuiydusuka
WHCTUTYTHI, JlJaBpeHTheB AaHFbLIbI 1, HoBOCiGip, Peceit
HKIIC «[lnazmatexHuka R&D», 9a-Papabu aTbIHJAFbI
Ka3¥Y-HblH 3JxkcnepuMeHTallbl 9HE TeOpeTUKaJbIK
¢usuka F3U, Haypwizbait Gatblp k., 26/41, Anmathl,
KazakcTaHn

AHJATIIA

[lnazma-oTeiHgbl kyHeci ([TOXK) kemerimeH icke
acbIpblIaTBbIH IIAHKOMIpJi OTBIHAAP/ABI epTeyre ap-
HaJIFaH IlJIa3MaJblK, TEPMOXUMHUAIBIK, JlasgpJiay IHepre-
TUKAJIbIK, TEXHOJIOTUsIAPAbIH 6ipi 60161 TabblIa/bI.
Bysn TexHoJiOrMS OTBIHHBIH, THUIMZAUIIrIH apTTBIpyFa
J)K9He Kby 3JIEKTP CTaHLMAJAPbIHBIH 3KOJIOTHUAJBIK,
KOpCeTKIUITepiH xaKcapTyFa, COHAAN-aK Ma3yTChI3 Ka-
3aH/bIKTapbl TYTaHABIPY YILiH ASCTYPJIi OThIH/bI Mak-
JaJlaHy /bl 2KOHE KOMip OThIHBIHbBIH, KaHYbIH TYpaKTaH-
AbIPYAbl KaMTaMachbl3 eTyre MyMKiHJiK 6epefi.
[TOXK-nafpl WIaHKeMIipJIi KaJblH TYTaHYbIHbIH, CaH/bIK,
ecenTeyJsiepiHiy, HaTwxesepi KesTipiaren. IO ka-
3aH/bIKTap/Abl Ma3yTChbI3 TYTaHABIPY MeH IIaHKOMIp-
JIi >Ka/JbIHHBIH, 6pTeHyiH TypaKTaHAbIpyFa apHaJsfaH

>)K9HE IJIAa3MOTPOHMEH >KaOAbIKTAFaH KbI3/bIPFbILIbI
6osibin  TabbutaZbl. PlasmaKinTherm 6armapsiaMacer
keMeriMeH OypbiH [10XK keJsieMiHze KblIy, TEPMOXU-
MUSIJIBIK, TpaHCcOpMaIvs )KoHe 6pTeHreH KeMip Kocrna-
CbIHBIH, 6PTTEY NPOLECTEPIH ecenTey YIliH KWHeTHUKa-
JIBIK, )KoHe TepMOJUHAMHUKAaJIBIK dIicTep/i 6ipiKTipeTiH,
nJ1a3MaJiblK [1JIa3MOTPOH KyaTThIJIbIFbI MEH a3poKocHa-
CbIHBIH, TYTaHy THUIMJIJIIriHe KOMIipAiH acepi aHbIKTaJI-
ZAbl. COHbIMEH KaTap, OTbIHHBIH, KaHYbIH KaMTaMachI3
etetin [10C-HbIH Heri3ri pexumjepiniy 6ipi, o1 aya
KOCMaCbhIHJaFbl KOMip [IaHJapblHbIH, KOHIleHTpalu-
sicCbl GOJIBINT TabbLIaJbl, OJ KEHiHEH e3repyi MYMKiH.
CoHAbIKTaH, KeMip/iH KoHLeHTpanusacel 1 kr-gax 0,4-
TeH 1,8 Kr-fa fileliiH KeMip/iiH KocHacblHJaFrbl KocHara
6aisanbicThl [10XK-geri KocaHbIH, TyTaHy »KafFjaiia-
pbl 3eptTenai. Ecenteynep fuametpi 0.2 M x0He y3bIH-
ObIFBI 2 M nuiuHAp Tapi3ai [10XK, kemipaiy 6enrisieH-
red wbiFbIHBl (1000 Kr/caf) ’koHe MJIa3MOTPOHHBIH
KyaTTbLIblFel (60 kBT) keHe KeMmipaiH yur Kysaimiri
(20, 40 xoHe 70%) ywiH opblHAaFaH. OTbIHAAPABI
epTey YVLIiH I[JIa3MaJblK TEPMOXUMHUSJIBIK JaspJay
YPZICTIH Heri3ri 3aHblJIbIKTapbl aHbIKTAJIFaH.

TyliiH0i ce3dep: keMip, OTbIH KOCHACHI, [1J1a3Ma, TYTaHy,
CaH/bIK 3KCIEPUMEHT.



