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Abstract. In modern electric arc furnaces (EAF), charge heating by natural gas (NG) combustion products with process oxygen is widely used to reduce

the power consumption and intensify the thermal performance. In existing EAF burners, gas and oxygen are supplied separately through oxygen gas
and refining burners, which ensures the diffusion combustion mode. The diffusion mode in conditions of EAF working space has a number of disad-
vantages, such as non-optimal distribution of temperature and concentration fields of combustion products, increased burn-off of iron-containing
components of the charge. This paper presents the results of a computational study of the physico-chemical properties of combustion products
along the torch length for the burners of VAI FUCHS, SMS DEMAG and NTPF Etalon Ltd. companies at oxygen concentration in the oxidizer of
95 wt. %. The results of computer modeling of temperature fields in the torches were analyzed in order to assess the risk of flame “slip” into the
burner internal volume. The authors carried out a comparative study of the characteristics of torches in the burner devices with diffusion and kinetic
combustion modes. Based on the data obtained, a transition from the diffusion mode of natural gas combustion to the kinetic mode is proposed,
which can increase the energy efficiency of using burners, uniformity of temperature and concentration fields of combustion products, and reduce
carbon monoxide of the iron-containing charge. The study was performed using computer modeling in ANSY'S software package in CFX module.
The obtained results can be useful for optimizing thermal processes in EAF working space, reducing power consumption and preventing emergency
operation of burners.

Keywords: EAF, burner, natural gas, oxygen, torch, concentration, temperature field, mode, diffusion, kinetic

For citation: Glukhov 1.V., Voronov G.V., Sheshukov O.Yu., Kalganov M.V. Comparative analysis of kinetic and diffusion modes of natural gas

combustion in EAF burners. Izvestiva. Ferrous Metallurgy. 2025;68(5):454—460. https://doi.org/10.17073/0368-0797-2025-5-454-460

454

© 1. V. Glukhov, G. V. Voronov, O. Yu. Sheshukov, M. V. Kalganov, 2025


https://doi.org/10.17073/0368-0797-2025-5-454-460
mailto:ermia12%40yandex.ru?subject=
mailto:ermia12@yandex.ru
https://fermet.misis.ru/index.php/jour/search/?subject=EAF
https://fermet.misis.ru/index.php/jour/search/?subject=burner
https://fermet.misis.ru/index.php/jour/search/?subject=natural gas
https://fermet.misis.ru/index.php/jour/search/?subject=oxygen
https://fermet.misis.ru/index.php/jour/search/?subject=torch
https://fermet.misis.ru/index.php/jour/search/?subject=concentration
https://fermet.misis.ru/index.php/jour/search/?subject=temperature field
https://fermet.misis.ru/index.php/jour/search/?subject=mode
https://fermet.misis.ru/index.php/jour/search/?subject=diffusion
https://fermet.misis.ru/index.php/jour/search/?subject=kinetic
https://doi.org/10.17073/0368-0797-2025-5-454-460

I1ZVESTIYA. FERROUS METALLURGY. 2025;68(5):454-460.
Glukhov LV, Voronov G.V, and etc. Comparative analysis of kinetic and diffusion modes of natural gas combustion in EAF burners

CPABHUTENbHbIA AHANU3 KUHETUYECKOIO
n ANO®PY3IUOHHOIO PEXXMMOB rOPEHUA NPUPOAHOTIO IFA3A
B FTOPENIKAX AYTOBOW CTANENNABU/IbHOMU NEYU

U. B. [nyxoB'' 2%,

I. B. Boponog!|, 0. 10. lllemykos' 3, M. B. Kasranos' 2

l'Ypanbckuii @enepanbublii ynusepeurer uMenn nepsoro IMpesuaenta Pocenu B.H. Enbuuna (Poccus, 620002, Exatepunoypr,
yi1. Mupa, 19)

20A0 «Hay4Ho-HcCae10BaTe bCKHIT MHCTHTYT MeTAIyprudecKkoii remiorexuukm» (BHUMMT) (Poccus, 620137, Exarepun-
6ypr, ya1. CrygeHueckast, 16)

3 MHCTHTYT MeTaJLIypruu uMend akagemuka H.A. Baroauna Ypaabckoro oraenenus PAH (620016, Poccus, Exarepun0ypr,

yi1. AmyHzceHa, 101)

&) ermial2@yandex.ru

AHHomayus. B coBpeMeHHBIX AyroBbiX craneruiaBmibHbix nedax (JCIT) ans cHikeHus: pacxoja 3JIeKTPOIHEPTUU U WHTCHCHU(DHUKALIUK TETIOBON

paboTHI MIUPOKO MPUMEHSETCSI HArPEeB MIMXTHI MPOAYKTAMH CTOPAHUS IPUPOIHOTO Ta3a ¢ TEXHOJOTHUSCKHM KHCIOPOIOM. B cyliecTByommx
ropesnkax, npumensemsix Ha JICII, ra3 1 KMCJIOPOJ OJAIOTCS Pa3eabHO Yepe3 ra30KUCIOPOIHbIE U PadUHUPYIONIHE TOPEIKH, 4TO 00ecedn-
BaeT AU Py3HOHHBII pesxuM ropenus. Juddy3noHHbIH pexknuM B YCIOBHUIX HCIOIB30BaHus B pabouem oobeme J(CIT uMeer psia HENOCTATKOB,
TaKUX KaK HEONTHUMAJIbHOE paclpee]eHHe TEMIEPaTypPHbIX U KOHLIEHTPALIMOHHBIX MOJIeH MPOAYKTOB CrOpaHus, MOBBIMICHHBIH yrap skene3o-
CoZlep KaIMX KOMIOHEHTOB LIMXTHl. B naHHO#H paboTe mpeacTaBieHbl pe3yabTaThl paCIeTHOTO HCCIICNOBAHUS (U3UKO-XHMHUYECKUX CBOWCTB
NPOJAYKTOB cropaHus 1o juimHe ¢akena st ropenok ¢pupm VAI FUCHS, SMS DEMAG u HTII® «Dtanon» npu KOHIEHTPALUH KACIOPOaa
B okuciutene 95 mac. %. Bbuiu npoaHaNIu3UPOBaHbI PE3YIBTATH KOMITBIOTEPHOTO MOJCIHPOBAHHS TEMIICPATYPHBIX M0l (PaKeTIOB ¢ LEIbIo
OLICHKH PHCKA «IIPOCKOKA» IJIAMEHH BO BHYTPEHHUI 00beM ropesiku. ABTOPBI IIPOBEIH CPABHUTENILHOE UCCIIEI0BAHUE XapaKTEPUCTHK (hakesoB
B TOPEJIOYHBIX YCTPOICTBAaX ¢ AU(PPY3HOHHBIM U KHHETHISCKUM PEKUMaMU ropeHns. Ha 0CHOBaHHMH MOTyYSHHBIX JAHHBIX MPEIONKEH MEPEXO
oT 1u((PY3UOHHOTO pPeXKMMa CIKMIaHUsT HPUPOIHOTO Taza K KHHETHYECKOMY, YTO MOXET IOBBICHTH dHEProd(PeKTHBHOCTb HCIIOIb30BAHMS
rOpeJIOK, PABHOMEPHOCTh TEMIIEPATYPHBIX U KOHIEHTPAL[MOHHBIX MOJEH MPOAYKTOB CTOPAHUs, a TAKKe CHH3HMTH Yrap jKele30COoAepKaIei
muXThl. VccnenoBanue MpOM3BOIMIOCH C TIOMOIIBI0 KOMITBIOTEPHOTO MojenupoBaHus B makere nporpamm ANSYS B moayne CFX. ITomy-
YEHHBIC PE3yJIbTAaThl MOTYT OBITH MOJIC3HBI [UIsi ONTUMHU3AINH TEILIOBBIX MpoleccoB B pabouem obbeme J(CII, cHmKeHHs pacxona 3JIeKTpod-

HEpPrUu ¥ MPeA0TBpAIleHHs aBapUIHBIX PEKUMOB HKCILTyaTal[ui TOPEIIOK.
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- INTRODUCTION

Diffusion combustion of natural gas with process
oxygen examined under conditions where the gas mix-
ture forms in the free volume of the furnace, outside
the burner [1 —3]. In the diffusion combustion mode,
gas and oxidizer are supplied separately until they meet
at the interface between the gas and oxidizer streams. Due
to molecular diffusion, a mixture is formed that is charac-
teristic of a laminar diffusion flame at low flow velocities,
or a molar diffusion process promoting large-scale turbu-
lence typical of a turbulent diffusion flame. The gas—oxi-
dizer mixture is partially formed both before ignition and
during combustion, which complicates analysis of this
process. The temperature, composition of combustion
products, and their physical and thermophysical proper-
ties in the combustion zone — separated by the flame front
from the initial mixture — affect both the primary stage
of mixing and the rate of chemical reactions.

Temperature in the diffusion flame zone corresponds
to the combustion temperature of a stoichiometric pre-

mixed mixture, provided that the thermal diffusivity coef-
ficient equals the mutual diffusion coefficient of the gas
and oxidizer and that heat losses to the surroundings are
negligible. The fundamental principles of diffusion com-
bustion theory were developed and published in [4 — 6].
In operating fuel-fired furnaces, taking into account their
design features, technological processes, and thermal
conditions, it is advisable to implement the kinetic com-
bustion mode of natural gas with oxygen, which involves
preparing a well-mixed premixed gas—oxygen mix-
ture [7 — 10]. In this case, the mixture-formation stage is
effectively excluded from the sequence of physicochemi-
cal processes. Heating and melting of the initial mate-
rials occur primarily through heat and mass transfer from
the combustion products, with no unburned hydrocarbons
remaining in the gas phase [11 — 14].

Thus, the aim of this study is to carry out a compara-
tive analysis of kinetic and diffusion combustion modes
of natural gas with an oxygen—air mixture (OAM) in EAF
burners, based on computer modeling of temperature
fields and CO/H, concentrations.
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Objectives:

To compare the torch characteristics of the VG burner
(kinetic mode) and its analogues (VAI FUCHS, SMS
DEMAG, and NTPF Etalon) during combustion of natu-
ral gas with oxygen and to evaluate the influence of com-
bustion modes on:

— distribution of the temperature fields;

— the maximum concentrations of CO and H,.

[l MATERIALS AND METHODS

A comparative study was carried out to analyze
the torch characteristics during natural gas combustion
with an oxygen—air mixture (OAM) in burners of various
designs. The investigation included:

— diffusion burners used in modern electric arc fur-
naces (EAFs) manufactured by NTPF Etalon, SMS
DEMAG, and VAI FUCHS;

—the VG burner, a promising design operating in
the kinetic combustion mode, which ensures preliminary
mixing of the components in the diffuser (Fig. 1).

Experimental studies of combustion require sig-
nificant time and financial resources for developing test
procedures and using specialized measuring equipment.

c

In contrast, computer modeling makes it possible to opti-
mize burner design without manufacturing intermediate
prototypes and to quickly analyze how design parameters
and operating modes affect torch formation and its cha-
racteristics. Computer modeling greatly shortens deve-
lopment time and provides a reliable basis for evaluating
the efficiency of various design modifications and techni-
cal solutions [15 — 17].

Combustion modeling was performed in the ANSYS
software package (CFX module) using the following
models and settings:

— extended Coherent Flamelet Model (ECFM);

— Total Energy heat transfer model;

— k—¢ turbulence model.

Boundary conditions for the burners were as follows:
— oxygen flow rate: 0.553 kg/s (95 wt. %);

—natural gas flow rate: 0.092 kg/s (the natural gas
composition was normalized to an equivalent methane
concentration of 100 wt. %).

The variation of temperature (7, K) and the maximum
CO and H, concentrations in the cross-section of com-
bustion products along the torch length were determined
(Figs. 2 — 4).

2

-

Fig. 1. Schemes of gas-oxygen burners designs:
a—VAI FUCHS; b — VG; ¢ — NTPF Etalon; d — SMS DEMAG
1 — oxygen supply for combustion; 2 — natural gas supply;
3 — oxygen supply in refining mode; 4 — oxygen supply for combustion and refining mode

Puc. 1. CxeMbl KOHCTPYKIHHA ra30KHCIOPOIHBIX TOPEIJIOK:
a — ¢upmbl VAI FUCHS; b — Bepceun VG; ¢ — pupmer HTTI® «3tanon»; d — dupmer SMS DEMAG
1 — 1oABOJI KUCTIOPO/A HA TOPEHHKE; 2 — HOBOJ IPUPOHOTIO ra3a;
3 — mozBoz KHCIOpoaa B peskuMe (GpuireBaHus; 4 — HOABOA KUCIOPOIA HA TOPEHHE U B PeKUME (DPUILICBAHHSA
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Fig. 2. Temperature fields of combustion products of the burner when burning natural gas
with oxygen-air mixture, oxygen mass concentration — 95 %

Puc. 2. TemniepatypHble TOJIsl IPOYKTOB CrOPaHKs TOPEJIOK MPH CKUTaHUU pupoHoro raza ¢ KBC,
MaccoBasi KOHIIEHTPALUs KUCIopoa cocTaisieT 95 %

As a result, comparative performance characteristics
were obtained for burners with kinetic and diffusion com-
bustion modes: the VG burner (kinetic mode) and the dif-
fusion burners of NTPF Etalon, VAI FUCHS, and SMS

DEMAG, operating at equal natural gas and oxygen flow
rates.

Based on the analysis of the results, zones of intensive
combustion were identified, corresponding to regions
of minimal CH, concentration and maximum tempera-
ture:

— for the NTPF Etalon burner — at a torch length
of about 500 mm;

— for the VG burner — at a torch length of 100 — 200 mm;

— for the SMS DEMAG burner — at a torch length
of about 500 mm;

— for the VAI FUCHS burner — at a torch length of over
1000 mm.

Afterburning regions can be diagnosed by elevated
CO and H,. The VG burner showed the lowest maxima —

CO concentration, vol. %

Torch length, m

Fig. 3. Change in the maximum concentration of CO in cross-section of combustion products along the torch length of the burners:
1—-VG; 2 - SMS DEMAG; 3 — NTPF Etalon; 4 — VAI FUCHS

Puc. 3. VI3MeHeHre MaKCHMAaJIbHOI KOHI[EHTPAIMH OKCHJIA YITIePO/ia B IONEPEUHOM CeYEeHUHU MPOIYKTOB CTOPaHHS 110 JUTMHE (haKesa ropeliok:
1 —Bepeun VG; 2 — pupmer SMS DEMAG; 3 — dupmet HTII® «3tanon»; 4 — ¢upmer VAI FUCHS
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Fig. 4. Change in the maximum concentration of hydrogen in cross-section of combustion products along torch length of the burners:
1-VG; 2 - SMS DEMAG; 3 — NTPF Etalon; 4 — VAT FUCHS

Puc. 4. VI3MeHeHne MaKCHUMalbHOI KOHIIGHTPAILIMU BOJOPO/Ia B HONEPEUHOM CEUEHUHU MPOTYKTOB CTOPAHHS IO JUIMHE (haKesaa ropesok:
1 —Bepcun VG; 2 — pupmer SMS DEMAG; 3 — ¢pupmer HTIIO® «Otanony»; 4 — pupmer VAI FUCHS

32 vol. % CO and 35 vol. % H, — whereas diffusion bur-
ners exhibited 36 — 42 vol. % CO and 41 — 56 vol. % H,.
These reductions (by 4-12vol.% for CO and
6 — 14 vol. % for H,) indicate more complete and uni-
form natural-gas combustion in the kinetic combustion
mode than in diffusion systems.

The criterion for the absence of flame-slip risk was
taken to be the absence of regions with temperatures above
800 °C inside the burner’s internal cavity. No such high-
temperature zones were detected for any of the burners
examined. The maximum temperature of the combustion
products in the torch ranged from 2757 to 2792 °C, while,
at the same time, the gas-dynamic velocity in local flow
regions varied widely — from 250 to 750 m/s (see Table).
It should be noted that the temperature of the combustion
products in the VG burner torch (2776 °C) corresponds
to a gas-dynamic flow velocity 1.15 — 3.75 times higher
than that of burners operating in the diffusion combustion
mode [18; 19].

The optimal efficiency of the VG burner under EAF
operating conditions can also be achieved by maintain-
ing the proper vertical distance from the molten bath sur-
face (bath level), the angle of inclination in the vertical
plane, and the tangential direction of combustion product
flow in the horizontal plane [15; 20]. This configuration
enables the most efficient utilization of the thermal energy
of the combustion products for rapid and uniform heating
of the charge, which enhances the steelmaking intensity,
reduces power consumption, and increases overall pro-
ductivity.

- CONCLUSIONS

This study shows that the VG burner, operating in
the kinetic combustion mode, outperforms diffusion bur-
ners. It provides complete, rapid combustion of hydrocar-
bons in the premixed stream and prevents flame slip into
the burner internal volume.

Performance indicators of the burners

Iloka3aresn padoTsl ropesiok

NTPF SMS
Parameter VG burner Etalon DEMAG VAI FUCHS
burner
burner burner
Maximum local velocity of combustion products, m/s 750 200 650 250
Length of the intensive combustion zone, mm 100 500 300 >1000
Maximum local temperature, K (°C) 3049 (2776) | 3062 (2789) | 3030 (2757) | 3065 (2792)
Max1mum local hydrogen (H,) concentration in 35 49 41 56
combustion products, vol. %
Max1mum local carbon monoxide (CO) concentration in 3 38 36 4
combustion products, vol. %
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The results support the adoption of kinetic-type bur-

ners in modern steelmaking operations.
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