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Abstract

Purpose. Determining the flue gas recirculation effect on the verge of the gas-fired burners flame stabilization based on
experimental industrial research.

Methods. The studies were conducted on a circular heating furnace with a diameter of 30 m of the Interpipe NTRP wheel-
rolling workshop. The furnace for blanks heating to 625 = 25°C with their isothermal holding has 5 zones with an adjustable
and systematic supply of natural gas. To increase the thermal performance efficiency, the furnace has been equipped with an
external exhaust gas recirculation system. When assessing the burners forcing ability of the after their ignition, the gas con-
sumption, as well as recycled gas consumption was increased gradually in a predetermined ratio. Therewith, gas consump-
tion was determined at the time of the flame-out, which was recorded visually.

Findings. Based on a comprehensive analysis, the factors have been revealed, which affect the sustainability of the burner
operating modes when exhaust flue gases are fed into the combustion zone. It is shown that the most rational for analyzing
the recirculation influence on gas combustion stability is the use of criterion empirical models that take into account the
complex of physical-chemical characteristics of the reagents, parameters of the combustion mode, gas-dynamic and design
burner peculiarities. A criterion model has been obtained for the loss of a diffusion flame in combined “pipe-in-pipe” type
burners when burning gas fuel in a medium of recycle flue gases with a temperature of 140-200°C and an oxygen composi-
tion of 15.4-19.6% in them. Dependences have been determined for assessing the expansion of combustion stability limits
with a change in the coefficient of the oxidising agent consumption, its temperature, and the recirculation ratio.

Originality. New computational models have been obtained for assessing the limits of the flame stabilization of straight-
flow gas burners during flue gas recirculation. The ratios have also been found of the recirculation ratio and the oxidising
agents temperatures, that provide the conditions of their identical work for the flame-out and flame backflash when replac-
ing the air with recycled gas for fuel combustion.

Practical implications. The results make it possible to make a reasonable choice of burners and combustion standard pa-
rameters that ensure the safe unit operation during flue gas recirculation.
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1. Introduction the total amount of NOy industrial emissions [5], [5]. Exhaust

. Lo . . gas recirculation is a radical means to reduce the nitrogen
Exhaust gas recirculation in technological and generating

units is an effective means of improving the technical and
economic indicators of their work [1], [2]. Through reducing
the temperature gradient in the working volume during recir-
culation, the deviation of the materials temperature can be
reduced from the set value to the values required by the tech-
nology and their quality heating can be ensured [3]. Moreo-
ver, with an increase in the volumes of heating gases, there is
an intensification of convection heat transfer and a reduction
in energy consumption by 20-30% [4].

Thermal generating units consuming fossil fuels (coal,
wood, oil, gas, etc.) are a powerful source of nitrogen oxide
emissions into the atmosphere; they account for over 95% of

© 2020. 1. lvanov, S. Polishchuk, I. Holiakova, Ye. Kushnir

oxides formation during fuel combustion [7], [8].

When returning exhaust cooled flue gases to the combus-
tion zone, the maximum temperature in it is reduced due to
the removal of heat for their heating. Also, there is a retarda-
tion of chain reactions in NOy formation due to the presence
of inert gases and a decrease in the reacting substances con-
centration. The complex action of these factors causes a
reduction in NOy emission [9], [10].

Flue gas utilization is widely used when changing to non-
waste production using alternative coal mining technologies —
underground coal gasification [11], [12], in the decomposi-
tion of gas hydrate deposits [13], and also for carbon capture
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and storage [14], [15]. With this technology, flue gases, con-
sisting mainly of carbon dioxide (CO,), nitrogen oxides
(NOy) and sulfur (SOy), from the power generating unit are
fed back to the underground gas generator and distributed
along the reaction channel length [16].

The flue gases elimination during underground coal gasifica-
tion is possible with recirculation according to the never-ending
circle principle [17]. When interacting with hot carbon, carbon
dioxide is transformed into carbon monoxide gas CO with the
heat absorption [18], [19]. Simultaneously, at high gasification
temperatures, CO; dissociation (decomposition) also occurs.
Sulfur and nitrogen oxides are also decomposed simultaneously
to a non-toxic state. Environmentally harmful chemical com-
pounds, arsenic, and other radioactive elements also remain in
the collapsed rocks. In this case, in the presence of moisture (coal
is always wet), the sulfur and nitrogen oxides are destroyed to a
non-toxic state. Other compounds, harmful to the biosphere
(arsenic, strontium, thorium, uranium, etc.), remain in the gassed-
out zone [20]-[22] and can be used as backfilling material [23].

Traditionally, the greatest recirculation effect is achieved
by completely flue gases pre-mixing with air and feeding this
prepared mixture into the fuel active combustion zone. In this
sense, it is expedient to introduce combustion products into the
air ducts in front of the burners. According to calcula-
tions [24], with a recirculation ratio R = 1.1, the possible NO,
emission can be reduced by 23-30%; with R = 1.2 by 39-50%;
with R = 1.3 by 50-63%; with R = 1.5, NO, emission can be
reduced by 3-4 times. An experience evidences that even when
working with recirculation ratios of 20-30%, it is possible to
reduce the nitrogen oxides consumption by 50-60% [25]-[27].

Combustion products recirculation in the tail vacuum
chambers of the sinter machines allows a 60-70% reduction
in the composition of dioxins and furans in the exhaust gases
of the iron ore agglomerating [28], [29]. These superecotoxi-
cants, together with flue gases, enter the combustion zone
and at high temperatures are almost completely decomposed.

At the same time, the organization of exhaust gas recircu-
lation does not normally require significant capital and ope-
rating costs, which is important in a difficult economic situa-
tion in the country. A difficult problem associated with the
exhaust gas recirculation, when using in technological and
generating units, is to ensure the stable burners operation.
The recycled gas supply to the combustion zone leads to an
increase in the amount of inert components in the flame front
and enhancing heat removal from it. This complicates the
combustion process, can lead to a disturbance of the flame
stability and flame attenuation, and with a high ballast con-
tent — to the non-combustible mixtures formation [29]-[32].

Ensuring the stable combustion is an essential condition for
the safe operation of thermal generating units. The choice of
insufficiently substantiated standard parameters that do not take
into account the peculiarities of the fuel combustion process in
the recycled gas medium can create difficulties in ensuring the
unit operability, calling into question the efficiency and expedi-
ency of recirculation. The flame stability is determined by the
ratio of the flame propagation velocity U and the gas-air mix-
ture intake velocity to the place of its combustion  (Fig. 1).

In stationary mode, a dynamic equilibrium is set between
the tendency of the flame to move towards the combustible
mixture movement and the tendency of the flow to move the
flame away from the burner slot. In the initial area, the flame
front stability is ensured by full compensation of U value
with the flow velocity w, and in other sections it is compen-
sated by its normal component w - cos ¢ [33], [34].
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Figure 1. Scheme of the gas-air mixture flame front: 1 — mixture
outflow channel; 2 — flame front

If the mixture efflux velocity exceeds the flame propaga-
tion velocity, the stability of the flame is disturbed, it is sepa-
rated from the burner top [35]. It is accompanied by an in-
crease in the flame flickering, which leads to a flame-out and
its attenuation (Fig. 2).

F

Figure 2. The process of a gas flame-out from a burner

Through the extinguished burner gas continues to enter;
gas-air mixture is accumulated in the working volume and in
gas ducts, which can lead to an explosion, destruction of the
unit structure, and other serious consequences. This occurs
most often in the course of the burners ignition or when they
are turned off, and during operation — caused by an increase in
gas pressure above the permissible, as well as a sharp increase
in air supply, or the burner operation in the modes superlimit-
ing compared to the passport ones [36].

If the U value exceeds the velocity of fresh mixture ap-
proach to the flame front, a backflash of the flame is possible
in the preliminary mixing burners: the flame is drawn into the
burner and the mixture burns inside it. This causes the housing
deformation due to overheating and burner failure. Sometimes
a flame backflash is accompanied by a noise impact, the flame
is extinguished and there is a gas contamination of the working
volume and flue ducts through the idle burner.

Flame backflash is possible both as with improper igni-
tion and turning off the burner, so with a rapid decrease in its
performance. Flame backflash phenomenon is observed only
in the preliminary mixing burners, and flame lift-off — in
other types of burners [37].

Figure 3 shows the influence nature of the oxidising agent
(air) a consumption coefficient on the limiting velocities of
the gas-air mixture efflux from the burner w [38]. The range
between the areas of the flame backflash and the flame-out
determines the limits to adjust the burner turndown.
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Figure 3. Limits of preliminary mixing burners stable operation:
1 — limit of the flame backflash; 2 — flame-out limit

The purpose of this paper is to determine the influence of
flue gas recirculation on the verge of the gas-fired burners
flame stabilization.

2. Methods

Theoretical models of combustion stability [39], [40], de-
spite the complexity and multifactorial process nature, are
only in qualitative agreement with experimental data [41].
Therefore, in practice, experimental data obtained from
bench or industrial tests of burners with various designs are
used to determine the flame stabilization limits [42].

Through processing data, the criterion dependences are
obtained that take into account the influence of the physical-
chemical properties of the reagents, the gas-dynamic and
structural parameters of the burners on the flame stability,
and are usually presented in the form:

Pe,, =hy - Pell - a2, 1)

where:
Pe, = a)% and Pey =U % — the Peclet criteria for the

critical velocity o of a flame-out or flame backflash, as well
as the normal velocity of its propagation U;

d — characteristic burner dimension (nozzle diameter or
fitting pipe);

a — temperature conductivity coefficient of the mixture of
gas fuel and oxidising agent;

bo, b1, b2, — empirically determined coefficient.

The studies were conducted on a circular heating furnace
with a diameter of 30 m of the Interpipe NTRP wheel-rolling
workshop. The furnace for blanks heating to 625 + 25°C with
their isothermal holding has 5 zones with an adjustable and
systematic supply of natural gas. To increase the thermal
performance efficiency, the furnace has been equipped with
an external exhaust gas recirculation system.

Exhaust flue gases with a temperature of 200-250°C are
taken with a VM-15 fan, at the inlet they are diluted with air
preheated to 70-80°C in the recuperator to a temperature of
200-210°C of fan thermal stability. The recycled gas is sup-
plied to the existing air manifold of the furnace, disconnected
by a plug from the recuperator.

The experiments were performed on the 1 and 3" zones
along the smoke way in the furnace, equipped with oil-gas
burners with a gas nozzle diameter of 50x46 and 52x46 mm,
respectively. For guaranteed gas afterburning during short-
term flame-outs during the experiments, a temperature of
800-820°C and an air consumption coefficient of 1.2-1.3
were maintained in the 4 zone.
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When assessing the forcing ability of the burners after
their ignition, the gas consumption, as well as recycled gas
consumption was increased gradually in a predetermined
ratio. Therewith, the gas consumption was determined at the
time of the flame-out, which was recorded visually. The
limiting parameters of the combustion mode were assessed
when the gas consumption was stabilized in the operating
range and the recycled gas consumption was gradually in-
creased until the flame-out.

In a previous experiment, the normality has been deter-
mined of the research data distribution and the need for a
four-fold experiments repetition to ensure an error of not
more than 5%. At the main stage, 36 tests have been con-
ducted to assess the limiting burners forcing and 24 tests to
determine their characteristics of flame-out at operating gas
consumptions. With that, recycled gas temperature was
140-200°C, the oxygen composition in it was 15.4-19.6%.

When forming a criterion model for the diffusion flame
stability during gas fuel combustion, in recycled gas, a priori,
the existence of a link was assumed between the gas efflux
velocity w during flame-out and the normal flame propaga-
tion velocity U and the recycled gas consumption coefficient
a. These values were calculated by the formulas:

4q

w= ; 2)
3600-7r(d2—d12)
\Y
=— ©))
q-Lg
n
2 RU; T LT
U= (1—0.01N2—O.012C02)-(—j , 4)
n 293
>R
i=1
where:

g, V —hourly consumption of gas and recycled gas at the
time of flame-out;

d, di — outer and inner burner gas nozzle diameter;

Lo — theoretical air consumption for combustion of 1 m?
of gas;

Pi, U; — the composition of simple mixtures in complex
one and the normal flame propagation velocity in simple
mixtures;

T, N2, CO, — the absolute temperature of the stoichio-
metric mixture of gas and recycled gas, % of nitrogen and
carbon dioxide in it, respectively.

The outer diameter d of the burner gas nozzle is taken as
a characteristic size, since during diffusion combustion,
flame stability is determined by the zone at the periphery of
the gas stream at the exit out of the nozzle, where the fuel
reacts with an oxidising agent in a ratio close to stoichio-
metric. To assess the temperature conductivity coefficient of
the stoichiometric mixture of gas and recycled gas a, refer-
ence data were used.

3. Results and discussion

Figure 4 presents the logarithmic dependences of the Pe-
clet criterion for the flame-out velocity on this criterion for
the normal flame propagation velocity at various values of
the recycled gas consumption coefficient.
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Figure 4. Experimental data processing on flame-out in burners

with d =52 mm (@) and d =50 mm (b) to obtain a model
Pe,, = f(Peu; @): calculated lines of regression and
experimental data 1¢ —a=11-125; 2m —g¢=1.25-14;
34 —a=14-155; 4x —q=1.55-2.05; 5% —a =2.05-2.45

Through experimental data approximation, the criterion
model coefficients have been obtained bo = 0.177; by = 2.02;
b, = 2. Their significance is confirmed by the calculated
values of the Student’s test for them, which are almost an
order of magnitude higher than the tabular value t; = 1.988
with a confidence probability of 95%. The adequacy variance
Sav = 1.817 is significantly less than the experimental error
So = 4.406. That is, the obtained model of the flame-out ve-
locity during the natural gas combustion in recycled gas for
combined oil-gas burners of “pipe-in-pipe” type is adequate.
This allows using it to obtain reliable results and to imple-
ment them into practice when choosing standard combustion
parameters, which ensure the safe thermal operation of ther-
mal generating unit.

The values of U and « are determined by the combustible
mixture temperature and the amount of ballast in it, that is, in
the end, by the recirculation ratio R and the recycled gas tem-
perature t, with a stable gas composition and its temperature.
Table 1 shows the calculated values of these parameters that
correspond to the temperature range of the recycled gas and
the oxygen composition in it during industrial burners tests.

Through these data approximation, the dependences have
been obtained:

U =0.408-6+674 . R 7098 nys; (5)
a=2272-10".9709 . R70049 yzsg (6)
where:

0 =1T,/273 —dimensionless  absolute recycled gas
temperature.
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Table 1. Initial data to obtain dependences U = fi(R; 6); a = f2(R; 6)

No. tp, °C R U, m/s a-108, m?/s
1 1.11 0.65 40.5
2 1.06 0.68 40.6
3 1.09 0.66 40.5
4 140 1.12 0.65 40.5
5 1.08 0.67 40.6
6 1.09 0.67 40.5
7 1.10 0.66 40.5
8 1.16 0.67 43.9
9 1.18 0.66 43.8
10 1.21 0.65 43.8
11 160 1.17 0.67 43.8
12 1.20 0.65 43.8
13 1.19 0.66 43.8
14 1.17 0.66 43.9
15 1.22 0.70 47.3
16 1.24 0.68 47.2
17 1.26 0.68 47.2
18 180 1.22 0.69 47.2
19 1.25 0.68 47.2
20 1.23 0.69 47.2
21 1.20 0.70 47.3
22 1.27 0.72 50.7
23 1.29 0.71 50.6
24 1.31 0.70 50.6
25 200 1.28 0.71 50.6
26 1.32 0.69 50.6
27 1.32 0.69 50.5
28 1.29 0.71 50.6

Having substituted (5) and (6) into formula (1), taking in-
to account the found values of the coefficients by, b1, b, the
expression can be obtained for the flame-out velocity in these
burners during combustion in the recycled gas medium:

w=15775-a2.d102. gl 638 Rp-1.945 ¢

When burning with air for a burner with a gas nozzle
diameter dy, the flame-out velocity is:

@, =1577.5-a, 2 -dy 02 . 1038, mss,

where:

on, Op=Tp/273 —air consumption coefficient and its
dimensionless absolute temperature.

Ratio of flame-out velocities with and without recirculation:

_ [ij—z . (iJl.OZ . [£]1.638 - R_1_945 |
8 dy t

When transferring the unit to gas combustion in recycled
gas instead of air without replacing the burners (d = dy) and
changing the oxidising agent consumption (a = ay), we have:

1.638
:(EJ R-1945
%

Hence it is clear that the provision of @ = wy is possible
provided:

Ol

(0]

@y

(0]

@y

R (7
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With R > (6/0,)°8, the conditions for flame stabilization
in combined “pipe-in-pipe” type burners are worsened with
the replacement of air by recycled gas, and with
R < (0/6,)°8, adjustable range of burners for gas consump-
tion is expanded.

The consumption characteristic of the burner is un-
changed with a recycled gas consumption coefficient:

0.82
a:ab(%J _R0973

and if this condition is unsatisfied, sustainable combustion can
be organized by setting a burner with a gas nozzle diameter:

1.961 0 -1.665
oo (2] (2]
ap &

Figure 5 shows the dependences R = f(6/6y) with d =dp
and different values of a/ay, and w/ws, Which determine the
adjusting ability of burners.

(@)
R /
11/ 2 }/
/ “/!
2.0
15
1.0
15 15 2.0 25 3.0 O/t
(b)
R / /
6 7 8 %
2.0
s
15
1.0
1.5 1.5 2.0 25 3.0 o6,

Figure 5. Recycled gas parameters influence on the verge of
adjusting the combined “pipe-in-pipe” type burners

To assess the influence of the recycled gas parameters on
the stable operation of other types of burners, the models
were used for the flame-out velocity o and flame backflash
wn, Which are presented in [43], [44]:

— for injector burners:

05
ij , m/s;

wzo.zs-a—3-ul-5-(a (8)
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wp, =0.0045-U? [%) , m/s; ©)
— for burners with forced air supply:
405
w, =018-a~3.ut® [Ej , mfs; (10)
@y, =0.0028-U 2 [%) , mis; (11)

—for burners with ceramic tunnels with a diameter
D =2.5d:

D 0.5
w=575-a2-U (;j , mls; (12)
, (d
@ =0.00775-U2. (Ej , m/s. (13)

Then from (8) and (10), taking into account (5) and (6),
the expression can be obtained for determining the expansion
of flame-out limits when, instead of air, recycled gas is sup-
plied to burn gas in the burners of the first two types, and
from (12) — of the third type:

3 0.05 1.656
o _ (ij . (ij (ij .R~1458. (14)
@\ 3 dy &

2 05 1.656
SR
@y \ & Dy &

The oxidising agents parameters ratio that ensure the
flame-out velocity for these burners is:

1.13
&
Similarly to (9), (11), (13), taking into account (5)
and (6), the ratio can be obtained of the flame backflash
velocities when replacing the air with recycled gas and the
condition is provided that the flame backflash velocity
remains the same:

R

(16)

1.639
“n _ (i] . (i] LRL927. 17)
o \dp ) (&
0%
R=|— ; 18
(ebj 4o

Figure 6 presents a dependence of the flame backflash
velocities relation on the recirculation ratio at w = wp and the
curve wlwy = f(R) at wp = idem.

They are a graphical interpretation of the general solution
to (16), (17) and (14), (15), (18), respectively. Their location
relative to “1” level testifies that the use of exhaust gases
recirculation, if conditions (16) and (18) are met, extends the
range of straight-flow gas burners stable operation, since
there is a decrease in the flame backflash velocity or an in-
crease in the flame-out velocity.
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Figure 6. The ratio of the limiting velocities for sustainable
combustion of gas fuel with recycled gas and air in the
straight-flow burners

4, Conclusions

The obtained dependences make it possible to determine
the combustion stability limits with a change in the oxidising
agent consumption coefficient, its temperature, and the recir-
culation ratio. Replacement of the air with recycled gas for
fuel combustion in compliance with the found their parame-
ters ratios ensures the identical conditions of the flame stabi-
lization. The use of recirculation when these identity condi-
tions are met for flame backflash or flame-out, leads to an
expansion of the operating range of straight-flow burners due
to an increase in the flame-out velocity or a decrease in the
flame backflash velocity, respectively.
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Merta. BusHaueHHs BIUIMBY PELHUPKYJIAMil IMMOBHX Ta3iB Ha Mexi cTabiiizamii momym's Tra30BHX MAIbHUKIB HA OCHOBI €KCIICpUMEHTA-
JBHUX TIPOMHUCIIOBHUX JOCIHIKCHB.

Metoauka. J{ocmimkeHHs MPOBOAWINCS Ha KiNbLEBiH HarpiBagbHOI medi giamerpoM 30 M koiecompokatHoro nexy BAT “Iarepmaiin
HT3”. Iliu ms HarpiBy 3aroToBoK 1m0 625 + 25°C 1 iX i30TepMiuyHOT BUTPUMKH Ma€ 5 30H 3 PErylbOBaHOK MOAAYCI0 MPUPOJHOTO Ta3zy Ta
MeToanyHy. [ns migBUmeHHsT epeKTHBHOCTI TEIIOBOi poOOTH Miu Oylia OCHAIIEHa CHCTEMOIO 30BHIIIHBOI PENUPKYILLIT BiAMPaIbOBAaHUX
razis. Ilpu ouiHmi ¢opcyBanbHOT 3AaTHOCTI MANBHUKIB MICHs iX PO3MAIIOBAHHS IOCTYIOBO IiJIBUIYBAJIM BUTPATY a3y i peLUpKYIATY B
3aJaHOMY CITIBBiJHOIIICHHI | BU3HAYaJIN BUTpATa ra3sy B MOMEHT 3puBY (akena, sikuil hikCyBaBcs Bi3yalbHO.

PesyabTaTn. Bunineno ¢axropw, 10 BIUIMBAIOTh HAa CTIHKICTh Pe)XXUMIB poOOTH NMaJbHHUKIB IPH MOJavi B 30HY FOPiHHS BiANIPAIlbOBaHHUX
JMMOBHX Tra3iB HIIIXOM KOMIUIEKCHOTro. [oka3zaHo, 10 HailGIbII pallioHa bHUM JUIsl aHaji3y BIUIMBY PELUPKYIIALIl Ha CTIHKICTh TOPiHHS
ra3y € BUKOPUCTAaHHS KPUTEPiaIbHUX EMITIpHYHUX MOJENEH, 0 BPaxOBYIOTh KOMIUIEKC (i3UKO-XIMIYHMNX XapaKTEPUCTHUK PEearcHTIB, mapa-
METpIB PEKUMY CITATIOBaHHS, Ta30JHHAMIYHMX Ta KOHCTPYKTUBHHX OCOONMBOCTEH manbHHKAa. OTpUMaHO KpUTEpiallbHy MOJENb 3pPHBY
mudy3iiiHOTO (hakena B KOMOIHOBaHHX MaJbHUKAX THITY “‘Tpy0a B TpyOi” MpH cramoBaHHI Ta30BOTO MAJIMBA B CEPEAOBHIL PEIHUPKYITFOIOUNX
JUMOBHX Ta3iB 3 Temneparyporo 140-200°C i BmictoMm kucHIO B HUX 15.4-19.6%. BcranoBieHo 3alexXHOCTI JUIS OIIHKH 3CYBY KOPJIOHIB
CTIHKOCTI TOPIHHS NPH 3MiHi KoedilieHTa BUTPAaTH OKUCHIOBAaYa, HOTO TEMIIEpaTypH i KPaTHOCTI PELUPKYIIALIIL.

HayxoBa HoBu3Ha. OTprMaHi HOBI pO3paxyHKOBI MOJIENI IS OLIHKK MEX cTabimi3aiii moaym’s MpSIMOTOYHHX ra30BUX MANTbHUKIB TPU
PELMPKYJIALIl AUMOBHX Ta3iB 1 3Haii/IeHl CIiBBITHONIEHHSI KPATHOCTI PELMPKYJIALIi Ta TEMIEpaTyp OKUCHIOBAYiB, 10 3a0e3MedyioTh YMOBH
IIGHTUYHOCTI 1X poOOTH 1O 3puBY (hakerna i MPoCKaKyBaHHIO MMOJIyM sl IIPU 3aMiHi HOBITPS PEUUPKYJISITOM Ha CIATIOBAHHS MaJIMBA.

IpakTnyHa 3Ha4YMMicTh. Pe3ynpTatu J03BONSIOTH 3p0OHTH OOIPYHTOBAaHHH BHOIp MAJBHUKIB 1 PEKMMHUX MapaMeTpiB CIATIOBaHHS,
110 320e3MeuyroTh Oe3MeuHy eKCIDTyaTallilo arperaTy IpH penupKyJIIii TMMOBHUX ra3iB.

Kntouoei cnosa: cnantosants, nanueo, peyupkyisyis, Cmitikicms, 3pue gaxend, npockaky8aHHs NOIyM's, ATbHUK, MOOeTb

HccnenoBanue rpanui cTa0MIM3alUM NJIAMEHT
ra3oBbIX FOPeJIOK NPU PeUUPKYJISIUHA IbIMOBbIX Fa30B

N. UBanos, C. [Monumyk, U. INonsikosa, E. Kyumnup

Ieas. OnpeneneHne BIUSHUS PELUPKYISLHMU IbIMOBBIX Ta30B Ha IPAHUIIBI CTAOMIIM3AIMH [NIAMEHN Ta30BBIX FOPENIOK Ha OCHOBE JKCIIe-
PUMEHTAJIBHBIX IPOMBIIITIEHHBIX HCCIIEA0BaHUI.

MeToauka. VccnenoBanus MpoBOIUINCH Ha KOJBLEBOW HarpeBaTenbHON meun auamerpoMm 30 M kojeconpokaTtHoro rexa OAO “Uu-
tepraiinn HT3”. Ileus myist HarpeBa 3aroToBok 10 625 + 25°C 1 X U30TePMUYECKOH BBIAEPKKH UMEET 5 30H ¢ PeryIupyeMoii mojadelt mpu-
POIHOTO ra3a ¥ MeToau4decKyo. [t moBbImeHus 3G (HEeKTHBHOCTH TETUIOBOH PabOTHI Medb OblIa OCHAIIEHa CHCTEMOH BHEIIHEH penupKyIs-
IUH 0TPabOTaBIIHX Ta30B. [Ipy oneHke HOPCHPOBAHHOHN CIIOCOOHOCTH TOPEJIOK MOCIIE UX Pa3KUTaHMs ITOCTENEHHO MOBBIMIAIH PACX0]] ra3a
M penUpKyJIATa B 33JAHHOM COOTHONICHUH ¥ OIPE/SISUTH PAcX0/] ra3a B MOMEHT CphIBa (haKena, KOTOPHIH (PMKCHPOBAIICS BU3YaIBHO.

PesyabTaThl. Beienens! GakTopsl, BIUSIONINE HA YCTOHYMBOCTh PEKHMOB PaOOTHI TOPENOK IMPH MM0ja4ye B 30HY TOPEHHs OTPaOOTaBIINX
JBIMOBBIX ra3oB. [lokazaHo, yTo HauboJee paroOHANBHBIM Ul aHANW3a BIMSHUS PELMPKY/ALUM Ha yCTOWYHMBOCTH TOPEHHS Ia3a SIBIAETCS
UCIIONB30BAHNE KPUTEPHANBHBIX SMIMPUUECKUX MOJENEH, YUUTHIBAIOIIUX KOMIUIEKC (PU3UKO-XUMUUECKUX XapaKTEPUCTHK PEareHToB, Mmapa-
METPOB PEXKUMA CKUTAHMS, Fa30AMHAMUYECKUX U KOHCTPYKTHBHBIX 0COOCHHOCTEH ropenku. [TosyueHa kputepranbHas MOAEb CpbIBa (-
¢y3uonHOTO (hakena B KOMOMHHPOBAHHBIX TOpeJKax TUMA “TpyOa B TpyOe” NMpU CXKUTAaHUH TA30BOTO TOIUIMBA B CPele PELUPKYIUPYIOIIIX
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JBIMOBBIX ra3oB ¢ Temneparypoit 140-200°C u conepxanuem kucnopoaa B HuX 15.4-19.6%. YcraHoBII€HbBI 3aBUCUMOCTH 17151 OLIEHKH CMelle-
HUSI TPAHML yCTOMYNBOCTH TOPEHHUS IPH M3MEHEHHH KOA(D(GULHEHTa pacX0a OKUCIHTEISL, €T0 TEMIIEPATyPhl U KPATHOCTH PELUPKYIISILIAH.
Hayunasi HoBu3Ha. [1oydeHB! HOBBIC PACUSTHBIC MOACIH Ul OLICHKH IPAHUL CTaOMITH3alMK IUIAMEHN IPSIMOTOYHBIX Ta30BBIX TOPEIOK
MPU PEUUPKYISINH JBIMOBBIX Ta30B U HAaW/ICHBI COOTHOLICHUSI KPATHOCTH PEUUPKYISLUKM H TEMIICPATyp OKUCIUTENeH, 00eCeYrBaOIIIe
YCIIOBHSI HICHTHYHOCTH UX PabOTHI MO CPBIBY (hakena ¥ MPOCKOKY ITAMEHHU MPHU 3aMEHE BO3/yXa PELUPKYJISITOM Ha C)KUTaHHE TOTLIHBA.
IIpakTHYecKkasi 3HAYMMOCTb. Pe3ybTaThl MO3BONIAIOT CleTIaTh 000CHOBAHHBII BHIOOP TOPEIOYHBIX YCTPOHCTB M PEKHUMHBIX TTapamMer-
POB CIKHMTaHUsI, 0OCCIeUHBAIOIINX GE30MACHY O KCILTyaTaIMIO arperara py PeLUPKYJIALUHI AbIMOBBIX Ta30B.
Kniouesvie cnosa: cocuzanue, moniueo, peyupkyisyus, YyCmouuugocnv, Cpolg Qaxeid, nPOCKOK NAAMEHU, 20PEIKd, MOOeb
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