
Safety of Technogenic and Natural Systems. 2025;9(1):22–31. eISSN 2541−9129 

 

 

ht
tp

s:
//b

ps
-jo

ur
na

l.r
u 

22 

  

UDC: 536.23 Original Empirical Research 
https://doi.org/10.23947/2541-9129-2025-9-1-22-31  

Research Results of Heat and Mass Transfer in Conditions of Weak 
Aerodynamic Coupling with Pulsating Ventilation Mode  
Aleksandr E. Filin , Violetta A. Filina , Svetlana V. Tertychnaya , 
Ilya Yu. Kurnosov , Irina S. Kolbina , Darya A. Pronin   
National University of Science and Technology MISIS, Moscow, Russian Federation 
 aleks_filin@bk.ru  

Abstract 
Introduction. The issue of heat dissipation in metallurgy is significant due to potential hazards to personnel and the 
environment. Effective control and management of thermal processes require additional measures and can prevent fires, 
explosions, and personnel injuries as well as it is a key factor in ensuring the safety and reliability of metallurgical 
equipment. Metallurgical processes often involve high temperatures, but control over them is necessary for successful 
steel melting and processing. Current methods of heat transfer control (aeration, general exchange and local ventilation) 
do not always effectively reduce heat loads to acceptable levels. The choice of a pulsating ventilation mode for 
increasing the efficiency of heat transfer control is due to two main reasons: low air flow rates in large metallurgical 
production facilities, and the presence of numerous hard-to-reach areas with heat-generating equipment. The aim of this 
research is to investigate heat and mass transfer processes in areas with weak aerodynamic coupling with pulsating 
ventilation mode. 
Materials and Methods. To achieve this goal, a method of physical modeling was employed to collect statistical data. 
Heat and mass transfer were evaluated by measuring temperature changes over time at various points in the model niche 
under different ventilation conditions (stationary and. pulsating). System analysis was then applied to process the 
collected data. 
Research Results. It was found that pulsating air movement had a positive effect on heat and mass transfer in poorly 
ventilated spaces inside the laboratory setup. The degree of efficiency of this effect was determined, and it was found 
that the use of pulsating ventilation slowed down the increase in temperature in the center of the space by 3.8 times 
compared to the use of general forced ventilation. 
Discussion and Conclusion. The data obtained under the simulated conditions of the aforementioned type of 
production provide a foundation for developing a more specific methodology to counteract the negative effects of heat 
radiation. This methodology could significantly enhance safety by improving the removal of excess heat in low-
aerodynamic areas of mining and metallurgical workshops. 
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Оригинальное эмпирическое исследование 

Результаты исследования тепломассопереноса в условиях слабой аэродинамической 
связи при пульсирующем режиме вентиляции 
А.Э. Филин , В.А. Филина , С.В. Тертычная , И.Ю. Курносов ,  
И.С. Колбина , Д.Э. Пронина   
Национальный исследовательский технологический университет МИСИС, г. Москва, Российская Федерация 
 aleks_filin@bk.ru  

Аннотация  
Введение. Проблема тепловыделения в металлургии актуальна из-за возможных опасностей для персонала и 
окружающей среды. Действенный контроль за тепловыми процессами и управление ими требуют дополнитель-
ных мероприятий и могут предотвратить пожары, взрывы и травматизм в целом. Эффективное управление теп-
ловыми процессами — один из ключевых факторов безопасности и надежности металлургического оборудова-
ния. Высокие температуры свойственны металлургии, но контроль за ними необходим для успешного выпол-
нения процессов плавки и обработки стали. Применяемые способы контроля теплопереносом (аэрация, обще-
обменная и местная вентиляция) не всегда позволяют снизить тепловую нагрузку до требуемого значения. Вы-
бор режима пульсирующей вентиляции для повышения эффективности управления теплопереносом обусловлен 
двумя основными причинами: низкие скорости движения воздуха, которые свойственны крупным цехам метал-
лургического производства, и большое количество труднодоступных ниш с тепловыделяющим оборудованием 
в них. Целью данного исследования в связи с этим является изучение процессов тепломассопереноса в зонах со 
слабой аэродинамической связью при пульсирующем режиме вентиляции. 
Материалы и методы. Для получения статистических данных был использован метод физического моделиро-
вания. Процесс тепломассопереноса оценивался на основании изменения температуры с течением времени в 
различных точках модели ниши при разных режимах вентиляции (стационарном и пульсирующем). Для обра-
ботки полученных результатов измерений применялся метод системного анализа.  
Результаты исследования. Было установлено положительное влияние пульсирующего движения воздуха на 
тепломассоперенос в плохо проветриваемой импровизированной нише внутри лабораторной установки. Опре-
делена степень эффективности влияния пульсирующей вентиляции на тепломассоперенос. Установлено, что 
при использовании метода пульсирующей вентиляции температура в центральной части ниши повышалась 
медленнее в 3,8 раза, чем при общеобменной принудительной вентиляции.  
Обсуждение и заключение. Данные, полученные в смоделированных условиях вышеуказанного вида произ-
водства, позволяют разработать методику борьбы с отрицательным воздействием теплового излучения, что да-
ет возможность повысить безопасность при отводе излишнего тепла в условиях слабой аэродинамики участков 
цехов горно-металлургических производств. 

Ключевые слова: результаты эксперимента, тепломассоперенос, пульсирующая вентиляция, тепло, 
температура, слабая аэродинамическая связь, движение воздуха 
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Introduction. Heat dissipation is an integral part of metallurgical production. Excess heat generation can cause 
overheating of equipment, which can lead to accidents, damage to production equipment, and injury to workers, 
resulting in significant financial losses. To control excess heat in the metallurgical process, several methods are used:  

1. Direct cooling: cooling of metal in contact with heat sink rods. 
2. Water cooling: the use of water to cool metal. 
3. Gas cooling: the use of gases to cool metal, which ensures a high level of temperature reduction [1]. 
4. Cryogenic cooling: the use of supercooled liquid gases for heat treatment of metallic materials [2]. 
5. Induction cooling: the creation of internal cooling using an alternating magnetic field. 
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Metallurgical workshops are characterized by a significant amount of heat generated during various stages of metal 
production, including heating, melting, molding, and casting [3]. In addition, these processes are often accompanied by 
the emission of dust and gases, leading to an increased concentration of hazardous substances in the air. This can 
complicate the working conditions for employees and require the use of specialized protective equipment, as well as the 
compliance with occupational safety and industrial safety requirements [4]. When working in metallurgical workshops, 
there is also a risk of fires, explosions, and serious thermal injuries [5]. 

Insufficient cooling of process installations, such as areas with a large number of power cables or local transformer 
substations, often causes excessive heat generation and heat accumulation, which can lead to equipment failures [6]. 
Therefore, it is crucial to carefully monitor temperatures at each stage of the process to ensure a stable and safe 
temperature condition for production facilities and electrical equipment [7]. Regular maintenance and repair of 
equipment, as well as monitoring of thermal radiation levels in workshops, are necessary to promptly respond to 
potential problems and develop strategies to address and prevent them [8]. Despite all available cooling methods, 
emergencies, non-standard situations, and injuries in metallurgical production remain a significant concern, although in 
the last ten years there has been a downward trend [9]. 

Analysis of the existing statistical data on accidents and injuries in the mining and metallurgical industry over the 
past ten years, as well as assessment of the cooling methods used, has shown the need for more effective measures to 
reduce thermal radiation and ensure the uninterrupted operation of equipment [10]. In this regard, the authors have 
developed and modeled a process of heat and mass transfer using a method of pulsating air movement, which 
significantly improves heat transfer with weak aerodynamic coupling [11]. The aim of this research is to study the effect 
of pulsating airflow on temperature parameters of air environment in conditions of low speeds and difficult aerological 
permeability with general ventilation in a room. The article presents the results of physical modeling of heat and mass 
transfer under conditions of weak aerodynamics. 

Materials and Methods. The experiments on heat transfer were conducted using a physical model (Fig. 1), which 
had the following characteristics [12]: 

- volume of the ventilated space — 1 m³; 
- relative air humidity — from 26 to 28%; 
- air temperature — 21–23°C [13]. 

 
Fig. 1. External view of a laboratory installation for the physical simulation  

of heat transfer in a pulsating ventilation mode 

Figure 1 shows a structure simulating a ventilated room in the form of a cube with sides 1 meter long. The Pulsator 
device was located in the central part of this volume (Fig. 2 a, 5). Its characteristics are shown below: 

– the Pulsator device length — 0.57 m; 
– diameter — 0.1 m; 
– fan rotation speed in the Pulsator device — approximately 180 rpm; 
– air consumption in the Pulsator device — 0.007 m³/s; 
– flow rate of general exchange ventilation — 2.2 m/s [14].  

https://bps-journal.ru/
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When planning the experiment, minimum and sufficient requirements for its implementation were established [15]. 
Measurement accuracy: 

– time — in minutes;  
– temperature — 0.1°С; 
– distance — 1 cm; 
– pressure pulse — 1 Hz.  
Figure 2 provides the diagram of the laboratory installation. The air flow generator (Fig. 2 a, 1) for general exchange 

ventilation, simulating the process of artificial ventilation in a room, was located on the left side at the bottom of the 
laboratory model (in the middle). The height distance from the base of the laboratory installation was 7 cm. The outlet 
of the niche (Fig. 2 a, 2), simulating a zone of obstructed aerological permeability, was in the base of a laboratory 
installation in the center. The niche structure itself rested against the back wall of the cube. The dimensions of the niche 
had the following parameters: 

– height — 0.1 m; 
– length — 0.5 m;  
– opening width — 0.12 m; 
– wall thickness — 0.012 m; 
– wall material — pine.  

 
а) 

 
b) 

Fig. 2. Diagram of the laboratory installation for studying heat and mass transfer processes: 
a — general view of the laboratory bench;  

b — location of the temperature sensor, indicating the distance from the heat source; 
1 — fan; 2 — niche simulating a zone of difficult aerological permeability; 3 —eat source;  

4 — temperature and humidity sensor; 5 — the Pulsator device; 6 — the shielding plate 

In the part of the niche farthest from the entrance, at a distance of 0.45 m, there was a heat source (Fig. 2 b, 3). The 
heat source was an incandescent lamp with a power of 25 watts. During the experiments, two types of heat transfer were 
studied: radiative and convective. Figure 2 provides the layout of the equipment during the experiment.  

The experiment to study the processes of heat and mass transfer was carried out with the temperature values recorded by a 
sensor located on the floor of the niche at a distance of 0.15, 0.25 and 0.35 m (Fig. 2 b). The letters highlighted in red indicate 
the position of the temperature sensor during the experiment. The experiment was carried out both with stationary (without the 
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use of a pulsator) air exchange and with the use of a pulsating ventilation mode. On each segment, 70 temperature values were 
recorded for 60 minutes. In accordance with the experimental program, as mentioned earlier, the niche was located on the 
basis of a laboratory installation, and the temperature sensor was located at measuring points A, B, and C (Fig. 2 b). The 
measurements were carried out in the lower part of the niche (near the floor).  

The second stage of the research to assess the influence of the air movement pulsating mode consisted in the use of a 
screen that dissipated direct thermal radiation. This screen was located between the heat sources and the temperature 
measuring points. The screen was installed permanently in one place for all measurements. The screen dimensions were 
0.1 x 0.1 m. The screen material was white plastic 0.001 m thick. Periodically, during the heating process, the Pulsator 
was turned on, for example, at the 18th minute of the experiment. It was noted that the Pulsator operation led to a 
decrease in the temperature rise in the niche at each measurement point. The measurements were performed using the 
same methodology.  

In general, it was found that at the time of switching on the Pulsator, the temperature increase in the niche was 
1.5 times less than when the device was turned off. In the future, similarity criteria would be used to scale the process of 
turbulent heat transfer in natural conditions.  

Results. Based on the conducted experiments, graphs of the dependence of temperature changes on time were 
constructed. Figure 3 shows the results of these measurements. The absolute and relative errors were 4.45°C and 8%, 
respectively. The graph with the blue line shows temperature changes when using the screen, and the graph with the 
green line shows temperature changes (in the range from the 18th to the 30th minute of this stage of the experiment) 
when the pulsating air movement mode was turned on with the plastic screen installed. 

After the experiments, relative temperature increments at each measurement point of stationary (marked in blue on 
the graph) and pulsating modes were calculated to compare them. After calculating the increments for different modes, 
the dependencies were obtained. Figure 4 shows a graph of the dependencies of temperature increment coefficient on 
time using the screen.  

 
Fig. 3. Dependency graph of temperature on time of thermal radiation at a distance of 35 cm  

from a radiation source with an installed screen  
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Fig. 4. Dependency graph of relative temperature increment on time at a distance  

of 35 cm from the radiation source using a screen 

Further, these increments were distributed by modes and time ranges. Figure 5 shows dependency graphs of average 
values of relative temperature increment (ti\t0) on time in stationary and pulsating modes for the entire volume of the niche. 

 
Fig. 5. Dependency graphs of averaged values of relative temperature increment  

on time in stationary and pulsating modes 
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According to this graph, during the first 15 minutes of the experiment, the temperature increased at a slower rate 
using the pulsating ventilation method, and there was a steady, slight increase. Under the conditions of the steady-state 
regime of the process under study, the maximum rate of temperature increase was observed. 

Comparison of temperature changes over the intervals of 1–15 minutes and 16–32 minutes showed that during the 
first interval, the efficiency of the pulsating mode was less than the temperature increase (Fig. 6). However, the 
characteristics remained the same during the second interval (Fig. 7). 

Figure 8 shows the values of angular coefficients, which indicate the degree of efficiency of the pulsating mode 
compared to the stationary mode, at different time intervals. In the range from 1st to 15th minute, the angular coefficient 
was 3.8 times higher in the stationary mode than in the pulsating mode, which indicated a higher intensity of heat and 
mass transfer. In the next interval (16–32 min.), this effect was not observed. 

 
Fig. 6. Dependency graphs of the averaged values of relative temperature increment  

on time in stationary and pulsating modes (time range — 1–15 min.)  

 
Fig. 7. Dependency graphs of the averaged values of relative temperature increment  

on time in stationary and pulsating modes (time range — 16–32 min.)  
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Fig. 8. Angular coefficients values at different time intervals 

Discussion and Conclusion. The obtained dependencies of relative temperature increments with and without the 
pulsator allowed us to visually compare the processes of temperature increase and obtain the angular coefficient values 
for these two modes. The coefficients showed that the pulsating mode reduced the temperature rise by 3.8 times within 
the first 15 minutes at all measured points of the niche, proving the effectiveness of the proposed method. During the 
subsequent time period, temperature indicators stabilized in all cases and temperature in the niche increased slightly, 
both with and without the pulsator on. 

The pulsation efficiency was observed at a distance of at least three diameters (L = 3d) of the niche under these 
conditions. We found that each time the pulsator was turned on, a steady increase in turbulent heat transfer occurred. 
Therefore, we can conclude that this method could be used to regulate the thermal load on various pieces of equipment 
and several technological processes.  

The experiments conducted have allowed us to obtain initial information about the effectiveness of the above-
mentioned method for heat and mass transfer. Further work will continue, and experiments will aim to obtain and 
analyze the dimensional and dimensionless characteristics of turbulent heat and mass transfer.  
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