lzvestiya. Non-Ferrous Metallurgy « 2025 ¢ Vol. 31 « No. 1« P.80-90

Kirsanov V.A., Poberezhny Yu.F., Mikhailov N.G. et al. Enhancing efficiency and modeling the operation of the afterburning chamber...

ENERGY AND RESOURCE SAVING / SHEPIO- U PECYPCOCBEPEXEHUE

UDC 66-9 Research article

https://doi.org/10.17073/0021-3438-2025-1-80-90 Hayunas cratbst @

Enhancing efficiency and modeling the operation
of the afterburning chamber in the Vanyukov furnace

V.A. Kirsanov', Yu.F. Poberezhny', N.G. Mikhailov', M.M. Sladkov?, S.N. Gotenko>

! Ural Research and Design Institute of Mining Processing, Metallurgy, Chemistry, Standartization
87 Khokhryakov Str., Ekaterinburg 620063, Russia

2 Sredneuralsky Copper Smeltery
1 Sredneuralskaya Str., Revda 623280, Russia

4 Nikolai G. Mikhailov (Mikhaylov. NG@umbr.ru)

Abstract: This study investigates the process of enhancing the efficiency of the afterburning chamber in the Vanyukov furnace. Various
operational modes of the furnace and the chamber were analyzed to identify optimal conditions for sulfur oxidation and afterburning, as well
as methods for reducing accretions. Measurements and analyses of off-gas compositions were conducted, and the dust content was determined.
Simplifications and assumptions were applied in the calculations, enabling the modeling of gas flow, thermodynamic processes, velocity
profiles, and interaction zones. Some thermodynamic calculations of counter-penetrating gas jets were based on hypotheses derived from heat
exchange theories in mixing devices. Experimental results of numerical modeling and predictive simulations within the afterburning chamber
are presented. Parameters were measured, and aerodynamic characteristics of the tuyeres were charted at an average oxygen supply to the
chamber of no more than 2500 n.m3/h (38 n.m?> per ton of batch load). Recommendations for effective technological operations were proposed.
The expertise of specialists from the Sredneuralsk Copper Smelter, along with the results of trials and process modeling, facilitated the selection
of the optimal tuyere air distribution. The findings reveal the complexity of aerodynamic and thermodynamic processes occurring within the
afterburning chamber. These include interactions between tuyere cooling airflows, heat release from exothermic oxidation reactions, and
forced and natural convection of off-gases with varying temperature gradients, all visualized within a single projection.
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ITo pesynbraTaM BBIITOJHEHHBIX PACYETOB MPUMEHSIJIM PSII YIPOIIEHWI U JOMYIICHU, TTO3BOJISIIOIINX MPEACTABISITh ABUXEHME ra3oB,
TepMOIMHAMUYECKHE TIPOIIECChI, MPOMUIIb CKOPOCTEM, 00JacTH B3auMoielicTBUsl. HeKoTopble BApMaHThI TEPMOAMHAMUYECKHMX pacue-
TOB B3aMMOTIPOHMKAIOIINX BCTPEYHBIX CTPYI TOCTPOEHBI Ha TUIOTE3aX, 3aMMCTBOBAHHBIX M3 TEOPUU TEIJIOOOMEHA B CMEIIMBAIOIINX
ammapatax. [IpencraBiieHbl 9KCIIEpUMEHTAIbHBIE PE3YIbTAThl YMCIEHHOTO MOAEINPOBAHUS U BaPUMAHTHI HEKOTODPBIX ITPOTHO3HBIX CHU-
MYJISIIUI, IPOUCXOASIIINX B KaMepe TOXHUraHus neur BaniokoBa. [IpoBemeHbl 3aMephbl TapaMeTPOB, MOCTPOEHBI rpadMKU adpoauHa-
MUYECKHX XapaKTEPUCTHK (ypM IIPU CPeAHEM 3HAYCHU I MOIAYM KUCIOPOIA B IPOCTPAHCTBO KaMepbl 10KHUTraHUsI He 6osee 2500 H.m>/a
(38 H.M3/T 3arpy3ku WuxThl). [TpenyioxeHsl Meporpusitus st 3(pdeKTUBHOM TeXHOJOrnyeckoil skcruryarauuu. ONbIT CrelualucToB
CpenHeypaJibcKOro MeerIaBUIbHOTO 3aBOoJia, Pe3yJbTaThl UCITBITAHUN U MOIEJIMPOBAHUS Tpollecca CIIOCOOCTBOBAIU BHIOOPY HAMITYY-
LIEro pacrpeneacHus AyThs 1o ¢hypMam. [TonydeHHbIe pe3yIbTaThl CBUACTEIBCTBYIOT O JOCTATOYHO CIIOXKHBIX a3POAMHAMUYECKUX U TEP-
MOIMHAMMYECKUX IIPOLECCaX, IPOUCXOMSIINX B IPOCTPAHCTBE KAMEPHI JOXUTAaHUsI, TPEACTABIEHUN B OMHOI IIPOEKIIMY B3aUMOIEHCTBI I
SIBICHUI TUHAMUKY (QYPMEHHBIX 1y TheBBIX TOTOKOB OXJIAXK ICH U I, BbIACIEH M TETMIOBOI 9HEPT MU 9K30TEPMUUECKUX PEAKIIN T OKUCTIEHMSI,
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Introduction

The domestic smelting technology — known as the
Vanyukov process, employed for processing sulfide-cop-
per concentrates — has several advantages over foreign
analogs, including high specific productivity, process
flexibility, simplicity and reliability of the metallurgical
unit, and low capital and operating costs. The smelting
technology, in general, can be characterized as a semi-
autogenous process [1—3].

During the testing period, the charge materials com-
position was as follows (wt. %): Cu — 17.97, S — 26.16,
SiO — 15.28, Zn — 1.75, Pb — 0.25, others — 38.59.

In the horizontal section, the furnace consists of
smelting-oxidation and sedimentation zones, while
in the vertical section, it is divided into superstratum,
supra-tuyere, and sub-tuyere zones. The furnace, in
cross-section, is a rectangular-trapezoidal unit into
which the blast is introduced through tuyeres. Charge
materials are fed into the working space of the unit via
loading devices. During the first stage of processing,
heating, oxidation, and melting of the charge materials
dominate [4]. The process characteristics are heavily
influenced by the chemical, mineralogical, and granu-
lometric composition of the ore [5]. In the supra-tuyere
zone, processes such as melting, dissolution of refractory
components, sulfide oxidation, and the coalescence of
matte droplets take place [6—8]. Oxidation of off-gases
occurs in the afterburning chamber, which is equipped
with four tuyeres.

The issues related to improving efficiency and
the simulation and optimization of the afterburning
chamber’s operation in the Vanyukov furnace will be
examined in detail, as enhancing operational energy
efficiency holds both practical and theoretical signi-
ficance [9].

Research methodology

The methodology for determining the optimal modes
of blast supply to the tuyere row of the afterburning
chamber and optimizing the sulfur afterburning process
was divided into practical and methodological compo-
nents, with elements of visual representation.

In the methodological component, based on the re-
sults of the calculations, a number of simplifications and
assumptions were applied to model gas flow, velocity
profiles [10], thermal processes, and surface interaction
zones. Some thermodynamic calculations of interpene-
trating counter jets were built on concepts borrowed from
the theory of heat exchange in mixing devices [11; 12]. For
the numerical theoretical aspects of modeling hydrody-
namic characteristics, the following formulas were used:

W, = 10.5gh™" Ldyou(1 + 0], (M

Re = Wd, /v, (2)

where vy, — specific mass of the gas; B — coefficient of
volumetric gas expansion; L — space length; d — space
diameter; 4 — geometric head; g — gravitational acce-
leration; u — friction coefficient; t — temperature; v —
viscosity coefficient; W — blast velocity; W, — gas flow
velocity; d, — tuyere outlet diameter; Re — Reynolds
number (dimensionless coefficient).

During the numerical modeling of heat release in the
afterburning chamber, combustion reactions of sulfur
and sulfur dioxide were considered:

S+ 0,=S0, + 297 kJ, )

2580, + 0, = 2S04 + 192 kJ. @)

To analyze the thermal processes in the studied O,,,

space, the area of off-gas flow, 4, was divided into grid
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sections AN;, AN,, ..., AN, with volumes AV}, AV,, ...,
AV,. The integral sum for the function f(x,y,z) over
area A is given by

M, =2f(x,y;,2)AV,. ®)

The volumetric region of heat release from the jet
streams was determined as:

[dx[dy | f(x,y,2)dz, (6)
a<x<b,c<y<e,m<z<n. (7)

For each operational mode, technological data were
monitored, and the composition of the off-gases was
determined. Based on the balance indicators, the after-
burning efficiency was evaluated (Table 1).

Table 1 includes the following parameters: S, —
amount of sulfur dioxide after the afterburning cham-
ber; S, — sulfur content in dust; S, — sulfur content in
the charge materials; K, — oxygen concentration in the
off-gases exiting the afterburning chamber; K; — oxygen
supplied to the afterburning chamber.

To determine afterburning efficiency, the oxygen
and gas blast parameters at the furnace’s tuyere rows

Table. 1. Combustion efficiency assessment

Tabymma 1. OneHkKa NoJTHOTHI CXKUTaHUS

Mode Ssn S, S, K, Ky Effect
Baseline  const ) ) ) )
1 const 1 ! 1 il +
2 const | 7 ! ! -
3 const 1 ! 7 ! +
4 const ! 1 1 ! —
Note. T —increase, | — decrease, { — baseline values,
«+» or «—» — indicates the afterburning efficiency achieved.

were recorded. Oxygen was supplied for afterburning
at a rate not exceeding 2500 n.m3/h (38 n.m3 per ton of
charge). Operating parameters were determined using
measurement instrument readings. For comprehensive
analysis, data from the information system’s hourly and
shift reports on furnace performance were used. Infor-
mation on the composition of matte, slag, and dust was
considered, and the composition of off-gases was ana-
lyzed.

Results and discussion

In the studied gas flow process, the operational fea-
tures of the afterburning chamber and the dynamic
effects of jets emerging from the furnace tuyeres were
examined, despite the presence of thermal and gas-
dynamic inhomogeneities. Various operational modes
of the furnace and afterburning chamber were ana-
lyzed, leading to the identification of optimal oxidation
regimes and methods for enhancing the efficiency of
accretion reduction. Schematic of the tuyere row is pre-
sented in Fig. 1.

During the tests, the oxygen pressure at the tuyere
was regulated using shut-off and control valves, with the
pressure readings recorded on the installed manometer,
as well as the flow rate monitored via the information
system. The resulting characteristics are presented in
Fig. 2 and Table 2.

The provided tuyere characteristics enable individual
regulation of the oxygen flow rate through each tuyere in
varying proportions, while maintaining an approximate
overall oxygen supply to the afterburning chamber de-
pending on the furnace load.

A more detailed examination of the blast supply
through the tuyeres of the afterburning chamber re-
veals that, due to turbulence, the free jet mixes with the
surrounding medium as it moves away from the source.
Free boundary layer forms within the jet, expanding

Afterburning chamber

F
Tuyere No. 1
—_—
L]
2
=
LM
Tuyere No. 2 ~
ﬁ
I e —

Fig. 1. Afterburning chamber tuyeres

Puc. 1. ®ypMbI KaMepbl TOKUTAHUS
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Table. 2. Calculated blast velocity modes

Tabauua 2. PacueTHbIe CKOPOCTU TYThEBBIX PEXKUMOB

Right side of the afterburning chamber Left side of the afterburning chamber
Tuyere 1 Tuyere 2 Tuyere 3 Tuyere 4
W, m/s Re, 10* W, m/s Re, 10* W, m/s Re, 10* W, m/s Re, 10*
102.1 93.8 74.1 81.66
124.3 105.9 93.8 102.83
142.2 min 118.0 min 110.4 min 115.69 min
155.0 133.1 128.5 134.59
166.3 143.7 139.1 146.69
26—67 24—60 19—60 21-61
189.0 163.3 158.8 166.35
211.7 181.5 177.7 181.47
242.7 max 196.6 max 196.6 max 201.13 max
219.3 214.7 219.27
264.6
235.9 234.4 240.45
Flow rate, n.m’/h Flow rate, n.m’/h
4 180075
18001 i
T 1400+
1400 1 i
1000 10007
600 T T T T T T T T T 600 T T T T T T T T T T
02 03 04 05 06 08 1.0 13 1.5 0.1 01502 03 04 06 08 1.0 1.2 14

Pressure, kg/cm?

Flow rate, n.m>/h
1600 ¢

1200~

800 1

400 T T T T T T T T T T
0.1 0.15 02 03 04 06 08 10 12 14
Pressure, kg/cm?

Fig. 2. Oxygen flow rate as a function of pressure

Pressure, kg/cm?

Flow rate, n.m>/h
d

1600

1200 A

800 4

0.1 0.15 02 03 04 06 08 1.0 12 14

Pressure, kg/cm?

400

a — left side of the afterburning chamber, tuyere /; b — left side of the afterburning chamber, tuyere 2;
¢ — right side of the afterburning chamber, tuyere 3; d — right side of the afterburning chamber, tuyere 4

Puc. 2. 3aBucuMOCTH pacxoaa KMUCJI0poaa OT AaBJCHU s

a — JieBasi CTOpOHa KaMephbl ToXuraHust, hbypMma /; b — jeBast CTopoHa KaMepbl ToXuraHus, dypma 2;
¢ — TIpaBasi CTOpOHA KaMephbl noxuranus, dypma 3; d — mpaBasi CTOpOHa KaMephbl 1oxXuranusi, dhypma 4

outward from the nozzle, with primary mixing begin-
ning at this boundary. This velocity adjustment within
the jet leads to the formation of vortex regions in the
cross-sectional plane. In other words, the most active
interaction area is the collision point of the jets. This
is because the velocities of the opposing jets are si-
milar, causing the laminar flow zone to transition into
turbulence [13—135]. Fig. 3 illustrates the vortex col-

lision structures at relatively similar velocities of the
opposing jets.

Due to the characteristics of off-gas flow and the
non-uniformity caused by the connection of the furnace’s
tuyere rows and its geometry, jet flow modeling in the af-
terburning chamber represents a specific case [16—26].

The concentration of thermal energy in the jet inter-
action zones was calculated for both sulfur oxidation and
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Fig. 3. Vortex collision structures

a — thermal zone of vortex collision; & — thermal structure of vortex collision; ¢ — free turbulent jets in the afterburning chamber space;
d — sections of a free turbulent jet: laminar (7), transitional (2), fully turbulent (3)

Puc. 3. CTpyKTypbl BUXPEBOI'O COyIapeHU I

a — TepMUYeCcKas 06JIaCTh BUXPEBOTO COyIapeHust; b— TepMudecKast CTpyKTypa BUXPEBOTO COYIAPEHUs; ¢ — CBOOOIHBIE TYPOYICHTHBIE
CTPYM B ITPOCTPAHCTBE KaMephl J0XKUTaHUs; d — y4aCTKMU CBOOOIHON TypOYJEHTHOM CTPYU: JaMUHApHbIii (1), mepexoaHoii (2) 1 CBOOOIHbBIIM

TypOyJeHTHBI (3)

natural gas combustion processes. It was assumed that
the Mach number for jets during sulfur oxidation does
not exceed 0.52.

The calculated surface areas were determined
for the jet collision zones and the jet flow regions.
Within the boundaries of the interaction zone, a ge-
ometric figure was constructed with its axis aligned
to the axis of the analyzed regions. Using polynomial
distribution, it was assumed that a certain amount of
sulfur is probabilistically combusted within the sur-
face interaction zone.

As a result, the following volumetric heat loads were
obtained: 500—1500 kW for oxidation processes and
1100—2200 kW for natural gas combustion. The norma-
tive heat load values for these processes were applied to
the volumetric space of the afterburning chamber, while
the actual heat load was determined based on the con-
structed surface interaction zones. The results are sum-
marized in Table 3.

Examples of gas flow and jet stream are shown
in Fig. 4.

The three-dimensional representation of the gas
flows in the furnace reveals a variety of circulation
zones. Velocity adjustments lead to the dominant jet,
with the highest momentum and exit velocity, restruc-
turing the opposing jet. This results in displacement

84

starting from the turbulent boundary layer, causing jet
separation. The flows enveloping the restructured jet
acquire turbulent properties and a lower velocity, vecto-
rially directed toward the boundaries of the afterburning
chamber space. Considering the dynamics of opposing
jets, it can be concluded that changes in velocity charac-
teristics not only alter the thermal interaction zone but
also influence the exhaust gas flow. It has been estab-
lished that the structure of the collision zone depends on
the design and operational parameters of the jet flow’s
swirl [26, 27]. Understanding the behavior of opposing
colliding jets can be utilized for cleaning and preventing
active accretion formation, as well as optimizing sulfur

Table. 3. Assessment of thermal energy
concentrations

Ta6auua 3. OueHka KOHLIEHTPALIMI TEMJI0BOM dHEPTUU

Heat load, kW/m?> Local heat

Process . load coefficient
Normative Actual [26]
Sulfur 40 1500 37

oxidation
Natural
gas 65 2200 34
combustion
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oxidation processes. The parameters of the off-gas are
presented in Table 4.

Observations indicate that the rate of tuyere fouling
depends on the external environment, blast pressure, as
well as the direction and composition of the particles in
the exhaust gases. Dust samples were collected from se-
veral points along the gas duct: waste heat boiler, cooling
tower, and electrostatic precipitator. The results of the
dust composition analysis are shown in Table 5.

Comparative analysis of sulfur content in dust and
charge under different operating modes of the afterburn-
ing chamber is presented in Fig. 5.

The tests revealed that sulfur afterburning regulation
can be performed both quantitatively and qualitatively.

Fig. 4. Gas flow and jet stream

Increasing oxygen supply to the afterburning chamber,
up to certain limits, raises the sulfur dioxide concentra-
tion in the off-gas and reduces the sulfur mass fraction
in the dust.

Using computer modeling, various cases of accre-
tion formation on one of the afterburning chamber walls
were visualized is presented in Fig. 6.

The illustrated accretion formation variants, which
occur during operation as a result of dust particle sin-
tering in the off-gas, affect the performance of the blast
tuyeres. Tuyere fouling is detected either by changes
in blast pressure, during tuyere cleaning, or visually
through open “inspection windows”.

During operation, spontaneous tuyere cleaning may

c Tuyere No. 2 Tuyere No. 1
’ )
‘ | I
£ ~1 { " L4 "
B : g X
| = =
- 4 ~ A 1 i A
I I
= :I'n_\-r:nc No.4 Tuyere No. 3
d Tuyere No.2  Tuyere No. 1
2
p ) [
4 o=
. = v
L™ 29 A )
= ; ’ 2 i
g i -
Tuyere No.4  Tuyere No, 3

e
oo N+~

- e

a — jet streams and off-gas flow; b — flow of high-temperature gases; ¢, d — formation of collision structures at different jet velocities:
1, 2 — variations in jet velocity; e — velocity scale of high-temperature gases (m/s)

Puc. 4. [IBuxeHue ra30B ¥ CTPYHHBIH TOTOK

a — CTPYWHBIIA TTOTOK U IBIKEHUE YXOISIMX ra30B; b — NBIKEHME pacIUIaBHBIX Ta30B; ¢, d — hopMHUpOBaHUE CTPYKTYP COYIapEHUS
Ha Pa3HbIX CTPYHHBIX CKOPOCTSIX: I, 2 — BapraHThl CKOPOCTHBIX M3MEHEHMIA CTPYIii; e — IIKaJla CKOPOCTH PaCIUIaBHBIX Ta30B, M/C

Table. 4. Off-gas parameters

Tabauua 4. [TapaMeTpsl OTXOASIIIUX FA30B

Gas component

Gas density, kg/n.m3

N, 1.25
co 1.25
co, 1.963
S0, 2.855
H,0 0.863
0, 1.427

Mass fraction, kg/kg Volume fraction, n.m3/n.m3
0.0483 0.0746
0.0768 0.0755
0.07087 0.479
0.139 0.334
0.027 0.0365

Note. The off-gas temperature is 1250 °C.

85



lzvestiya. Non-Ferrous Metallurgy « 2025 ¢ Vol. 31 « No. 1« P.80-90

Kirsanov V.A., Poberezhny Yu.F., Mikhailov N.G. et al. Enhancing efficiency and modeling the operation of the afterburning chamber...

occur, with the accretion breaking off due to the jet’s
own pressure. Installing a gas burner in the tuyeres of
the third row is currently the primary method of com-
bating accretion formation in the working space of the
afterburning chamber. Table 6 shows the changes in the
working space volume of the afterburning chamber due
to accretion formation.

The data in Table 6 demonstrate that the working
space volume of the afterburning chamber can signifi-
cantly decrease due to perimetric accretion formation.
This reduction leads to changes in the particle flow
trajectories of the off-gases, deviations in the dynamic
resistance during gas removal, and a decline in sulfur
oxidation efficiency.

To determine the most efficient operation of the af-
terburning chamber, including the optimal oxygen flow
through its tuyeres, calculation schemes and gas flow
ratios were developed and evaluated for several existing
and prospective operating modes. The optimal mode for
the current system was identified, meeting the require-
ments for optimal afterburning, improved chamber effi-
ciency, and enhanced sulfur oxidation. The results of gas
composition measurements under different operating
modes are presented in Table 7.

The results in Table 7 indicate that the uniformity of
optimal sulfur oxidation and afterburning depends on jet
dynamics. Various design options for modernizing the
afterburning chamber are proposed in Fig. 7. Additional
simulations and studies are necessary to confirm the ef-
fectiveness of these modernizations.

Conclusion

The findings highlight the complexity of the aero-
dynamic and thermodynamic processes within the
afterburning chamber. The study employed turbulent
jet theories and physical modeling. The blast supply
was optimized for various experimental modes, with
parameters measured and aerodynamic characteris-
tics of the tuyeres charted at an average oxygen sup-
ply rate to the afterburning chamber of no more than
2500 n.m3/h (38 n.m? per ton of charge). Gas analyses
were performed, and the dust composition was deter-
mined at several points along the gas duct, including
the waste heat boiler, cooling tower, and electrostatic
precipitator.

Several schemes for modernizing the afterburning
chamber and optimizing tuyere blast distribution were
proposed. It was determined that the highest sulfur af-
terburning efficiency can be achieved by supplying a
specific oxygen flow rate to each tuyere without altering
the overall oxygen supply.
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Sulfur content in charge, wt. %

)
5.0 D 10.0
Sulfur content in dust, wt. %

Waste heat boiler No. 2
B Cooling tower No. 2

@ Electrostatic precipitator “Lurgi” No. 3

Fig. 5. Sulfur content in dust and charge under different
operating modes of the afterburning chamber

1—-3 — sulfur content density distribution assessment
1 — waste heat boiler No. 2; 2 — cooling tower No. 2;

3 — electrostatic precipitator “Lurgi” No. 3

Puc. 5. ConepxxaHue cepbl B IbUJIU U IIUXTE
Ha pa3HbIX peXXUMaX paboThbl KaMePhI TOKMUTaHU I

1—3 — oueHKa IUIOTHOCTHU pacrpeiesleHusI

CofiepKaHusi cepbl

1 — xoren-yrunuzatop Ne 2; 2 — GatrHs oxymaxkaeHust Ne 2;

3 — anekrpoduasrp «Lurgi» Ne 3

Table. 5. Dust composition, wt. %

Ta6auua 5. Cocras nbliu, Mac. %

Sampling point Cu S|

Pb Zn | Others

Cooling tower No. 2 19.45 5.45

3.69 328 68.13

Waste heatboiler 0 76 761 429 331 66.01
No. 2
Electrostatic
precipitator “Lurgi” 14.84 8.43 6.93 4.65 65.15
No. 3

Table. 6. Perimetric formation

Ta6nuua 6. [lepuMeTpanbHOe 0O0pa3oBaHUEe HACTHUTH

. Working space Thickness of wall
Variant 3 .
volume, m accretion, m
1 55-59 0.1-0.2
2 49-53 0.25-0.35
3 37.5-43.0 0.50—-0.65
4 34.0-37.6 0.65—0.75
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Fig. 6. Variants of accretion formation
Accretion thickness, m: @ — 0.75; b — 0.3; ¢ — 0.1

Puc. 6. BapuaHTsl HacTbIJIEOOpa30BaHU S

TonumHa HacTen, M: @ — 0,75; b — 0,3; ¢ — 0,1

a b

£

$EY Ay e el dee ¥ Lo A

0.75m

Fig. 7. Prospective options for modernizing the afterburning chamber [27—30]

a —arrangement of tuyeres in the afterburning chamber; b — multi-channel tuyere with two tiers of nozzles; ¢ — modernization options for tuyere

components: casing (1), sleeve (2), swirl inserts (3), and diffuser (4)

Puc. 7. [lepcriekTUBHBIE BapUaHThI HATIPaBJIEHU T MOIEPHU3AIINY KaMepbl qoxkuranus [27—30]

a — BapUaHT pacrojioxeHus hypM B Kamepe ToXUTaHus; b — MHOroKaHaibHas (hypMa C AByMs sIpycaMmu COIIelT; ¢ — Ha y4acTke hypMbl
BapMaHThI MoiepHU3auu Kopryca (1), BTyku (2), BcTaBoK-3aBuxputedsi (3), paccekarens (4)

Measures for efficient operation and minimizing ac-
cretion formation in the Vanyukov furnace afterburning
chamber were proposed. To implement a prospective
automated operation, it is recommended to organize in-
formation tracking for each tuyere (pressure/flow rate),
install regulating valves to adjust the blast flow rate to

each tuyere without manual intervention, and introduce
an automatic control system [31].

The expected outcomes of implementing these meas-
ures and recommendations include improved energy ef-
ficiency and operational safety, increased productivity,
and enhanced control over the technological process.

87



lzvestiya. Non-Ferrous Metallurgy « 2025 ¢ Vol. 31 « No. 1« P.80-90

Kirsanov V.A., Poberezhny Yu.F., Mikhailov N.G. et al. Enhancing efficiency and modeling the operation of the afterburning chamber...

Table. 7. Off-gas composition measurements (wt.%)
after afterburning in different operating modes

of

the afterburning chamber

Tabnuua 7. Pe3ynbraTbl U3MEpeHU
cocTaBa OTXOJSIIUX ra30B (Mac. %) mocje 1oKUraHus

Ha

pPa3HBIX PeXUMax dKCIUTyaTallMOHHON pabOThI

KaME€pbl JOXKWUTaHUA

First mode Second mode

Measu- Oxygen supply to the a3fterburning chamber,

rement n.m’/h
e 2300 2500

SO, CO, O, | SO, | CO, | O,

1 38.0 10.4 40 | 424 | 11.0 | 45

2 40.0 10.0 45 | 410 | 105 | 45

3 38.0 10.4 46 | 420 | 11.0 | 45

4 39.8 10.9 45 | 424 | 11.6 | 5.0

5 38.4 10.4 47 | 43.0 | 120 | 5.0

Average values
38.84 | 10.42 | 4.46 |42.16 | 11.22 | 4.7
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