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Аннотация. Результаты данной работы позволяют упростить отработку технологии импульсного нагрева металла. Создан программный 

продукт для подбора оптимальных значений режимных параметров импульсного нагрева на математической модели, что существенно 
сокращает время наладки теплового агрегата, использующего эту технологию. Тестовые расчеты показали адекватность полученных 
результатов режимным параметрам функционирующих проходных нагревательных печей, оснащенных скоростными струйными 
горелками. Проблемы управления нагревом металла стали особенно актуальны в связи с распространением высокопроизводительных 
прокатных станов и все более повышающимися требованиями, предъявляемыми к качеству нагрева металла. В связи с этим, полная 
реализация программы исследований позволит выработать конкретные рекомендации по увеличению производительности нагревательных 
печей и улучшению показателей их энергоэффективности. 
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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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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].

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;
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– 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 aconv can reach 
300 W/(m2·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 aconv values corresponding to the “on” 
and “off” states of burners. The “on – off” modes switch 

once the set heating time t or the set temperature diffe-
rence ∆T 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, aconv : 100 W/(m2·K);

– temperature and aconv in the welding zone for 
the “on” and “off” modes: 1700 °C and 300 W/(m2·K), 
1100 °C and 100 W/(m2·K), respectively;

– temperature and aconv in the soaking zone for 
the “on” and “off” modes: 1300 °C and 200 W/(m2·K), 
1100 °C and 100 W/(m2·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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