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Abstract. The work makes it possible to simplify development of pulsed metal heating technology. A software product was created to select the
optimal values of operating parameters of pulsed heating on a mathematical model, which significantly reduces the setup time of a thermal unit
using this technology. Test calculations showed adequacy of the results obtained to the operating parameters of functioning through-pass heating
furnaces equipped with high-speed jet burners. The problems of controlling metal heating became particularly relevant due to the proliferation
of high-performance rolling mills and increasing requirements for the quality of metal heating. In this regard, full implementation of the research
program will make it possible to develop specific recommendations for increasing the productivity of heating furnaces and improving their energy
efficiency.
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AHHOomayus. Pe3ynprathl TaHHOW pabOThI MO3BOJSIFOT YIPOCTUTh OTPAOOTKY TEXHOJIOTMH MMIYJIbCHOTO Harpesa mertayuia. Co3maH MporpaMMHBIN
TIPOIYKT JUIS OA00PA ONTUMAIBHBIX 3HAYEHHH PEKMMHBIX ITAPAMETPOB MMITYJIbCHOTO HAarpeBa Ha MaTeMaTHYECKOW MOJICIH, YTO CYIECTBEHHO
COKpAIlaeT BpeMsl HaJaJKHU TEIUIOBOTO arperara, UCHOJb3YIOLIEro 3Ty TeXHOJIOrnio. TecToBble pacyeThl MOKa3alu a/IeKBaTHOCTh MOMY4YEHHBIX
PE3yNbTaTOB PEKUMHBIM TapaMeTpaMm (YHKIHOHHUPYIOLUIUX IMPOXOAHBIX HArPEBATENbHBIX IeYeH, OCHAIIEHHBIX CKOPOCTHBIMH CTPYHHBIMH
ropeskamu. [IpoGiembl yrpaBieHUs: HarpeBOM METaula CTaJIM OCOOCHHO aKTyallbHbI B CBSI3U C PACIPOCTPAHEHHEM BBICOKOIIPOU3BOANTEIBHBIX
MIPOKATHBIX CTAHOB M BCE 0OJiee TMOBBIMIAIONIMMUCS TPEOOBAHUSIMH, NPEIBIBISIEMBIMU K KauyeCcTBY HAarpeBa MeTamia. B cBSI3M ¢ 9TUM, MOJHAs
peasu3anys nporpaMmbl HCCIIEI0BaHN O3BOIHT BEIPA00TaTh KOHKPETHBIC PEKOMEHIAIMH 110 YBEJIMYEHHIO IIPON3BOANTEIBHOCTH HarPeBaTEIIbHBIX
reyeil U yaydlIeHHIo oKa3arelieil ux 3HeprodpeKTHBHOCTH.

Katoueavle cnosa: pexxum Harpesa, ACY TII, ummynabcHBIN HarpeB, HarpeBaTeIbHbIE MEYH, MaTeMaTHYeckas MOJIeNb, Ta30Bas ropelika, TeMIeparypa,
MeTaI

s yumupoeanus: Anacosa A.Jl., Jlesuukuit N.A., lllaroxun K.C. K nccinenoBannio HMIyabCHOTO HarpeBa MeTaiuia. M3zeecmus 8y306. Uephas
memannypeus. 2023;66(5):613-615. https://doi.org/10.17073/0368-0797-2023-5-613-615

The pursuit of hidden reserves of energy-saving mea-
sures and their utilization represents a crucial factor in
enhancing the competitiveness of products. Among fin-
ished products, rolling production ranks second in terms
of energy consumption, following blast furnace ironmak-
ing. Notably, gas and electricity constitute 95 % of the
costs, with 60 % allocated to the heating of ingots for the
rolling process [1].
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When calculating energy costs in the technological pro-
cess of metal heating, several approaches are considered:

— manufacturing furnaces with minimal heat release
into the environment and the impact of these losses on the
metal heating process;

— achieving optimum metal processing temperatures
within a shorter duration;

613


https://doi.org/10.17073/0368-0797-2023-5-613-615
mailto:annhope@bk.ru
https://fermet.misis.ru/index.php/jour/search/?subject=режим нагрева
https://fermet.misis.ru/index.php/jour/search/?subject=АСУ ТП
https://fermet.misis.ru/index.php/jour/search/?subject=импульсный нагрев
https://fermet.misis.ru/index.php/jour/search/?subject=нагревательные печи
https://fermet.misis.ru/index.php/jour/search/?subject=математическая модель
https://fermet.misis.ru/index.php/jour/search/?subject=газовая горелка
https://fermet.misis.ru/index.php/jour/search/?subject=температура
https://fermet.misis.ru/index.php/jour/search/?subject=металл
https://doi.org/10.17073/0368-0797-2023-5-613-615
mailto:annhope@bk.ru
https://fermet.misis.ru/index.php/jour/search/?subject=heating mode
https://fermet.misis.ru/index.php/jour/search/?subject=automatic process control system
https://fermet.misis.ru/index.php/jour/search/?subject=impulse heating
https://fermet.misis.ru/index.php/jour/search/?subject=heat furnaces
https://fermet.misis.ru/index.php/jour/search/?subject=mathematical model
https://fermet.misis.ru/index.php/jour/search/?subject=gas burner
https://fermet.misis.ru/index.php/jour/search/?subject=temperature
https://fermet.misis.ru/index.php/jour/search/?subject=metal
https://doi.org/10.17073/0368-0797-2023-5-613-615
mailto:annhope%40bk.ru?subject=

N3BECTUA BY30B. YEPHASA METAJ/IJIYPTUA. 2023;66(5):613-615.
Anacosa A./]., Jlesuykuil U.A.,, lllamoxuH K.C. K ucciejoBaHNI0 MMIy/IbCHOT'O HarpeBa MeTaslia

1800

1600

1400
1
1200 -
1000

800

Temperature, °C

600 -

400

200 -

3
1 1 1 1

Vi

_ —

0 25 50 75 100 125

150 175 200 225 250 275 300

Time, min

Pulse mode of metal heating:
1 — temperature of the medium, °C; 2 — heat transfer coefficient, W/(m?-K); 3 — ingot center temperature, °C;
4 — ingot surface temperature, °C; 5 — ingot average temperature, °C

VIMITynbCHBIN peXiM HarpeBa MeTaslIa:
1 — temnieparypa cpesbl, °C; 2 — koo duuuent Temnooraaun, Br/(m*K); 3 — remneparypa nenrpa 3aroroku, °C;
4 — Temnieparypa HOBEPXHOCTH 3aroToBKH, °C; 5 — cpeiHssl TeMIepTypa 3aroroBku, °C

— enhancing the automatic process control system [2 —4].

The method employed for heating metal ingots, adhe-
ring to specified requirements, must achieve optimal tem-
perature conditions within a brief period while exerting
localized effects yet transferring adequate heat for pro-
cessing ingots have a localized effect, but at the same
time transfer enough heat to process ingots. Pulse modes
of metal heating are considered a technology that fulfills
these criteria.

High-speed jet burners operating on natural gas
constitute the primary class of burner devices utilized
in pulsed heating systems [5]. Pulsed heating relies
on either an automatic interrupt-based positioning sys-
tem or an interruption system with adjustable pulse fre-
quency and ratio, where the “on-off” period ranges from
0.5 to 2.5 min. The convection coefficient a_ can reach
300 W/(m?-K) or higher [6].

Determining the operating mode of the burners is
typically achieved through experimentation during the
setup of thermal generating units, a process that is time-
consuming due to the high thermal inertia of furnaces.
Hence, it is advisable to preliminarily determine the oper-
ating parameters of pulsed heating using a mathematical
model.

A program has been developed to simulate the out-
comes of the following process: an ingot in the form
of a plate or cylinder, possessing a homogeneous tem-
perature field, is placed within a through-pass heating
furnace. In this setup, the zones are defined with specific
temperatures and a_  values corresponding to the “on”
and “off” states of burners. The “on — oft” modes switch
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once the set heating time ¢ or the set temperature diffe-
rence AT across the ingot’s thickness is reached.

The provided figure illustrates the furnace tempera-
ture conditions and the metal heating interval, consider-
ing the following parameters:

— temperature in the methodical zone without burners:
800 °C, a___ : 100 W/(m*-K);

— temperature and a__ in the welding zone for
the “on” and “off” modes: 1700 °C and 300 W/(m?-K),
1100 °C and 100 W/(m?-K), respectively;

— temperature and @ in the soaking zone for
the “on” and “off” modes: 1300 °C and 200 W/(m?-K),
1100 °C and 100 W/(m?-K), respectively;

— burners’ operation and shutdown time: 1 min.

- CONCLUSIONS

The software product has been developed to optimize
the operating parameters for pulsed heating of metal
in through-pass heating furnaces.

Successful implementation of the research prog-
ram will enable the formulation of recommendations
aimed at improving furnace productivity and enhancing
the energy efficiency of the ingot heating process.
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