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Abstract. One of the main disadvantages when supplying natural gas to the air tuyere of a blast furnace is low intensity of its combustion inside the tuyere blast
channel. Ring groove on the surface of blast channel improves the mixing of natural gas with blast and increases completeness of gas combustion in it,
but reduces the tuyere durability. One of the ways to simultaneously solve these problems is to install a heat-insulating ceramic insert in the tuyere blast
channel. The insert significantly reduces heat losses through the tuyere surface, improves natural gas combustion in the blast channel due to its contact
with hot walls of the insert instead of cold copper walls in its absence. This increases the temperature of the hot blast at the tuyere outlet. In addition,
the insert affects the tuyere durability by reducing the heat flow acting on the tuyere. In this work, we studied influence of the ring groove and its parts
in the insert on efficiency of its work. In the Ansys 21.1 software, the processes occurring in the blast channel of a blast furnace tuyere with a ceramic
insert installed in it, having a groove of a quadrangular section in the form of a ring or its part in the circumferential direction, were simulated. It was
established that improvement of natural gas combustion in the tuyere blast channel is achieved using a ring groove or part of it from the side of gas supply.
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AnHomayusa. OnHUM M3 OCHOBHBIX HEJOCTATKOB IPH I0Ja4e HPUPOAHOrO ra3a B BO3AYIIHYIO (GypMy JOMEHHOW Ne4H SBISIETCS HU3Kas
MHTEHCUBHOCTb €0 TOPEHHs BHYTPH AyThEBOr0o KaHaja (ypmbl. M3BeCTHO, 4TO KOJbIleBas BbIOOpKA HA MOBEPXHOCTH IyThEBOIO KaHala
yJIydIIaeT CMEeIIMBAaHUE IPUPOTHOTO ra3a ¢ JyTheM U YBEIHMUMBACT IIOJHOTY CTOPAaHMs ra3a B HEM, OIHAKO CHU)KAET CTOWKOCTb (ypMbl. OHUM
W3 CIOCOOOB OJTHOBPEMEHHOTO PEIICHUS 3THX IPOOJIeM SBISIETCS YCTAaHOBKA B yThEBOW KaHAN (pypMBbl TEIUIOM3OIUPYIOMIEH KepaMHYeCKOH
BCTaBKH. BcTaBka 3HAUMTENILHO CHIIKAET TEIIOBBIE TOTEPH YePe3 MOBEPXHOCTH (hypMBI, YIyUIIaeT FOPEHNE TPUPOHOTO ra3a B 1yThEBOM KaHaJe
3a CYET ero KOHTAKTa C TOPSYMMH CTCHKaMH BCTABKH BMECTO XOJIOJHBIX MEIHBIX CTCHOK IIPH €€ OTCYTCTBHH, YTO YBEIWYHBACT TEMIIEPATYPY
ropsiuero IyThs Ha BbIxone u3 Gypmel. Kpome Toro, BctaBka Okas3blBaeT BIMSHHE HA CTOMKOCTH ()ypMBI 33 CUET CHIIKEHHS TEIJIOBOTO MOTOKA,
JeHCTByOIIEro Ha (GypMmy. B TaHHOM HCCIIEIOBaHHM M3y4YCHO BIIMSIHUE KOJIBIIEBOM BBHIOOPKH M € 4acTeil BO BCTaBke Ha 3(P(EKTHBHOCTDH
ee pabotsl. B cpene Ansys 21.1 mMomenupoBaiu Mmpolecchl, MPOUCXOASIINE B TyTheBOM KaHaie (GpypMbl JOMEHHOM €YU C yCTaHOBICHHOM
B HETO KepaMHUYECKO# BCTABKOW, MMEIOLICH BBIOOPKY YETHIPEXYTOILHOTO CeueHus B opMe KOJIbIA WK €ro YaCTH B OKPY)KHOM HaIlpaBJICHUH.
YCTaHOBIEHO, YTO YIYUIIEHHE TOPEHHs TPUPOJHOTO r'a3a B lyTheBOM KaHalle ()ypMbI JOCTUTACTCS C UCTIOIb30BAHUEM KOJIBLIEBOI BHIOOPKH HIIH
€€ YaCTH CO CTOPOHBI [TOJJa4yH rasa.
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- INTRODUCTION

The air tuyeres supply a mixture of oxygen-enriched
blast and natural gas [1 — 3] or natural gas and pulverized
coal into the blast furnace. The injection of gas and coal
reduces the coke consumption during pig iron manufac-
turing [4 — 6]. As the share of natural gas increases, its
mixing with the blast deteriorates [7 — 9] and blowing
efficiency decreases [10 — 12]. We have proposed solu-
tions to enhance the ignition and combustion of natu-
ral gas in the tuyere blast channel [13 — 16]. Numerous
improved technologies for mixing natural gas with the
blast have been invented [17 — 20].

Gas preheating has been proven to be efficient [21; 22].

Another promising approach to improving gas/
blast mixing is adding cavities to the blast channel
to increase flow turbulence in the tuyere. Such ele-
ments could be a groove in the tuyere nose [23], blow-
pipe, [24], or in the natural gas feed tube [25]. However,
more intense gas combustion in the tuyere blast chan-
nel may result in blowpipe deformation or burnout. For
this reason, as gas combustion improves, the blowpipe
should be heat protected. Durable insulating ceramic
inserts [26 — 28, 29 — 31] can be used.

A large number of studies [32 — 34] are dedicated
to modeling processes occurring in the air tuyere and
the blast furnace tuyere zone, including the simultaneous
supply of combustible natural gas and pulverized coal
into the blast channel of the tuyere [35; 36].

[ PROBLEM STATEMENT

We investigated the effects of a ring roove or its seg-
ments on ceramic insert performance.

The purpose of this study is to simulate the flow,
heat exchange, and gas combustion in the blast channel.
We considered the following ceramic insert designs:

—no groove in the insert (basic design);

—with a quadrangular section (3 mm deep, 40 mm
wide) ring groove located 20 mm from the insert bottom;

— with a semi-ring groove of the same size located
at the top (on the gas feed pipe side);

— with a semi-ring groove of the same size located
at the bottom (opposite the gas feed pipe side).
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The depth and width of the groove were selected
to meet two conditions: provide a measurable improve-
ment in the gas combustion process and maintain struc-
tural integrity. The groove was placed near the edge
of the insert to intensify gas combustion in the area close
to the tuyere nose and the tuyere zone.

We conducted CFD, combustion, and heat transfer
simulations in Ansys Fluent 21.1 using the actual tuyere
operating conditions and some simplifying assumptions
proposed by Levitskii I. et al. [18]. The key assumptions
are:

— extended boundary conditions include heat transfer
to the cooling water;

—radiation heat exchange inside the air passage is
neglected;

— the Finite Rate / Eddy dissipation model is employed
to simulate chemical reactions and turbulence;

— to reduce computational costs, half of the symmet-
rical structure is simulated;

— the problem is assumed to be stationary;
— the pressure solver is utilized;

— the realizable k-¢ turbulence model with standard
wall functions is used to solve the energy and convective
diffusion equations for the methane-air mixture, taking
possible combustion into account.

In contrast to the approach presented in [18], our
approach involved solving a combined heat transfer
problem, explicitly analyzing heat transfer through solid
bodies (specifically, the insert).

We constructed a symmetric geometric model using
Design Modeler and subsequently generated the mesh
using Ansys Meshing.

The simulation addressed a stationary problem.
The components of the methane-air mixture were treated
as perfect gases, meaning we assumed that density varies
with pressure and temperature. The tuyere nose and
the blowpipe were composed of copper, with their pro-
perties available in the Ansys Fluent database. The insert
was fabricated from corundum, characterized by a density
of 3583 kg/m?, specific heat capacity of 1291 J/(kg-K),
and thermal conductivity of 83 W/(m-K). The gap between
the insert and the blowpipe was assumed to be filled
with sealant, featuring a density of 1200 kg/m?, specific
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Table 1

Blast parameters in the inlet section

Tabnuya 1. llapamMeTpbl AYyThsl BO BXOAHOM CeYeHUHU

Property

Value

Section type

mass flow inlet

Mixture composition

30%0,,70 % N,

Air temperature 1200 °C
Air mass flow 4.539 kg/s
Air pressure 405.3 kPa
Turbulent pulsations 5%
Hydraulic diameter 0.18 m

Parameters of natural gas in the inlet section

Table 2

Tabnuya 2. llapametps! III" Bo BXOZHOM ceyeHUHU

Property Value
Section type mass flow inlet
Composition 100 % CH,
Natural gas mass flow rate 0.283 kg/s
Natural gas temperature 27°C
Turbulent pulsations 5%
Hydraulic diameter 0.033m

heat capacity of 840 J/(kg-K), and thermal conductivity
0.4 W/(m-K).

The boundary conditions for the blast process are
detailed in Table 1, while those for the natural gas feed
are outlined in Table 2.

In order to account for the 2 mm thick gap and
the 6 mm thick copper layer on the outer surface
of the insert within the simulation domain, the boundary
conditions on this surface were extended. Convective
heat exchange with the environment occurred on the outer
surface of the copper layer, maintaining a temperature
of 27 °C and a heat conductivity of a = 5815 W/(m*K).

The boundary conditions at the fluid-to-tuyere nose
interface were also extended due to the presence of
a 14 mm thick copper layer. Similar to the 6 mm thick
copper layer, there was convective heat exchange with
the environment occurring on the outer surface of this
copper layer.

- SIMULATION RESULTS AND DISCUSSION

Table 3 presents the crucial simulation results, and
Figs. 1 and 2 illustrate the distribution of turbulent
kinetic energy.

Both Table 3 and Figs. 1 and 2 indicate that the pres-
ence of a ring groove in the insert or a groove on the
natural gas feed side enhances the mixing of natural gas
and hot air. Consequently, this leads to increased gas
combustion heat, higher CO, content, and as a result,
elevated temperature and flow velocity at the tuyere out-

Table 3

Design parameters of the air tuyere

Tabnuya 3. PacueTHble napaMeTpbl padoThl BO3LYIIHOH (GypMbI

Design options
Variables” : with groove
without groove - — —
ring semi-ring, top semi-ring, bottom
O, KW -3207.2 -3230.9 —3223.3 —3158.7
O,ose> KW -26.3 -27.8 -26.4 -26.5
O omps KW 289.2 314.7 305.2 240.6
AQ, kW —0.042 —0.018 0.019 0.012
T . K 1399.3 1407.2 1404.7 1385.7
CO, .« 0.0105 0.0114 0.0111 0.0088
Vo MY/S 217.8 218.9 218.7 216.1
K, . m?s? 61.6 84.9 66.1 67.5

*Since the simulation domain represents half of the real structure, all the heat values should to be doubled.

O, 18 heat flux at the blast channel, kW; QO is heat flux at the tuyere nose, kW; O

omp 1S combustion

heat, kW; AQ is heat disbalance, kW; T,  is average air temperature at the tuyere outlet, K; CO,  is mass fraction
of CO, at the tuyere outlet; v, is average flow velocity at the tuyere outlet, m/s; K is turbulent kinetic energy at

the tuyere outlet, m?/s?.

417



U3BECTUSA BY30B. YEPHASI METAJIJIYPTUS. 2023;66(4):415-420.
Anbyn C.B.,, Kobeses 0.A., Jlesuykuii H.A. BnusiHvie 30HBI KOJIbLIeBOW BbIGOPKHU B TEMJIOM30/IMPYIOLIel BCTaBKe HAa 3QPEKTUBHOCTS ...

3.035e+02
2.040e+02
1.045e+02
5.000e+00

0 0050 0.100 (m)

0.025 0.075

Fig. 1. Distribution of turbulence kinetic energy at the outlet
of a serial tuyere

Puc. 1. Pacnipenenenne KHHETHUECKON SHEPTUH TypOYJICHTHOCTH
Ha BBIXOJIE U3 CEPUIHON (ypMbI

let. This implies that the natural gas ratio in the tuyere
mixture can be raised.

- CONCLUSIONS

The presence of a ring groove in the tuyere blow-
pipe’s heat-insulating insert has a significant impact on
gas combustion:

— a semi-ring groove located at the gas feed pipe side
enhances gas/hot air mixing and accelerates combustion;

— an ring groove further improves the gas/hot air mix-
ing and accelerates combustion;

— a semi-ring groove opposite the gas feed pipe side
leads to a deterioration in gas/hot air mixing and com-
bustion compared to the standard, no-groove design.
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