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Abstract. In order to increase the cooling time of the heating system of the building, 

especially in the conditions of its operation in pulse mode, a domestic highly efficient 

heating device with the function of heat accumulation has been developed. A criterion has 

been derived that can be used by every consumer when choosing the optimal design of a 

radiator. A study was conducted and a technical and economic evaluation of heating 

devices of known and developed new design with the function of accumulating phase 

transition heat was given. A heating device with the function of accumulating heat based 

on accumulative materials of organic origin with metal nanoparticles has been developed. 

Experimentally, it was established that 80 W were spent to "charge" a single "tube" with a 

total weight of 952.9 g and bring the temperature of the heat-accumulating material to 

52.1 ºС. A technical and economic analysis of known designs of heating devices was 

carried out. It is shown that convectors and copper-aluminum radiators are the most 

efficient heating devices for modern heating systems, when it is necessary to use energy 

resources rationally or there is a limited amount of heat. From an economic point of view, 

the most efficient heating device is a convector, but not from a sanitary and hygienic point 

of view (the presence of dust between the fins). Comparing the efficiency of the developed 

heating device with the function of heat accumulation based on accumulative materials of 

organic origin with metal nanoparticles according to the indicator of the specific cost of 

the heating device, which is 0.24 €/(kW·year), and the indicator of technical and economic 

efficiency of the operation of the device - 0.27 €/(kW·year) is the most efficient. 
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Relevance and novelty of the work. During the design of complex systems "heat 

source - distribution device - heating device", the main attention should also be paid to the 

"smart" use of thermal energy in the heating system depending on the needs of the user - a 

person. The latter can be achieved both by using modern shut-off and regulating valves [1] 

and by changing the thermal inertia of the heating device [2]. Design solutions of the used 

heating systems are focused on the regulation of heat flows both in a separate room and in 

the house in general when using heat inputs from external sources. Thus, the modern 

heating system is transformed from a system with quasi-stationary thermal and hydraulic 

regimes into a system that is actively thermally and hydraulically regulated. It should 

respond to changes in environmental parameters and adapt to them - a change in the 

temperature of the outside air, an increase in the amount of solar radiation during the day, 

an increase in the number of people or working equipment in the room, a given 

decrease/increase in the temperature of the indoor air [2]. This means that these 

requirements must be taken into account when choosing a heating device, since they are 

the closest part of the building's heating system to the consumer. 

At the same time, taking into account the well-founded expediency of introducing a 

regular mode of operation of the heating system of public buildings, in particular 

educational buildings of higher education institutions[3], as well as in the conditions of 

operation of most building heating systems in pulse mode due to frequent power outages, 

which are caused by the critical state of the energy industry due to constant missile attacks 

by Russia, the task of developing a new design of a heating device with the function of 

accumulating heat based on accumulative materials of organic origin with an improved 

heat-conducting structure arises. This will make it possible to maintain comfortable 

conditions for the stay of people in the premises during the period of shutdown of the 

heating systems of a number of buildings of the residential and communal sector. At the 

same time, the issue of technical and economic comparison of heating devices of known 

and new design also becomes relevant. 

Analysis of recent research and publications. Water heating devices, which are 

widely offered today, are divided into 5 groups by material and design features: cast iron; 

steel panel, sectional, tubular; aluminum; bimetallic; design radiators. A separate group 
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includes copper-aluminum radiators [4-6]. Below we will briefly describe the designs of 

the most common heating devices that are presented on the market of Ukraine. 

Cast iron radiators are traditional heating devices in our country. They have a small 

heat transfer surface and high thermal inertia. The heating process occurs mainly due to 

radiation. Advantages: cheap, the body material is neutral to almost all coolants, they give 

off heat well and can withstand relatively high pressure. Disadvantages: labor-intensive 

installation, material consumption, unattractive design (with the exception of some 

imported models), high percentage of manufacturing defects and significant thermal 

inertia, which is a significant disadvantage for regulation processes in modern heating 

systems. Theoretically, they are durable enough, but poor-quality casting can quickly lead 

to coolant leaks. The main advantage of domestic cast iron radiators is their low price [4-

6]. 

Panel steel radiators are an attempt to combine the properties of sectional radiators 

with convective type devices. Such a radiator is two steel plates between which the coolant 

circulates. Highly efficient devices with low material capacity and, accordingly, thermal 

inertia. They are designed for a working pressure of 0.6...1.0 MPa with a maximum 

coolant temperature of no higher than 110 0С. Disadvantage: the thickness of the steel is 

1.1...1.4 mm. It is recommended to use them in individual, low-rise buildings, to a limited 

extent - in centralized heating systems [4, 5]. 

Aluminum radiators are a more advanced design that uses a material with a very high 

heat transfer coefficient in the form of an aluminum alloy. They have an aesthetic 

appearance, low thermal inertia, light weight, and can be designed for high working 

pressure. Disadvantages: increased requirements for the chemical composition of the 

coolant, since the increased alkalinity of the coolant and the electrochemical activity of 

aluminum with some other metals leads to metal corrosion. In systems with aluminum 

radiators, it is recommended to install additional mudguards and filters and to perform 

their cleaning and replacement in a timely manner. Aluminum radiators try to be made as 

thin as possible for better heat transfer, so they are not strong enough, damage often occurs 

during their installation [6]. 
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Bimetallic radiators are an even more advanced design that allows you to use all the 

advantages of aluminum radiators, avoiding their disadvantages. The originality of the 

design of the bimetallic radiator is that it consists of a strong and electrochemical 

corrosion-resistant steel pipeline frame (skeleton), ribbed from the outside with high-

quality aluminum alloy by high-pressure casting. At the same time, a monolithic 

connection is formed, which excludes the possibility of contact of aluminum with water, 

and therefore also corrosion. They have good heat transfer, light weight, high working 

pressure and corrosion resistance, aesthetic. Disadvantage: high price. They are 

recommended for use in centralized systems [4-6]. 

Copper-aluminum radiators consist of a copper-aluminum heat exchanger (copper 

tubes connected to aluminum plates) and a steel (aluminum) casing. Radiators are intended 

for installation in the floor, indispensable for facades with continuous glazing, while their 

use as wall devices causes a number of inconveniences [4-6]. 

However, none of the above-described designs of heating devices have the possibility 

of autonomous operation in the event of a shutdown of the centralized heat supply system. 

Some device designs are characterized by high thermal inertia, which has a positive effect 

on increasing the cooling time of the system, but somewhat complicates the process of 

quick response to changes in environmental parameters. The appearance and price of the 

device also play an important role when choosing a heating device, but its technical and 

operational characteristics remain in the foreground. It follows that the service life of the 

heating device, taking into account the environmental impact, should be maximal [7]. This 

indicates the need to find ways to increase the inertia and reliability of the design of 

heating devices for their operation in building heating systems that operate in pulse mode, 

while maintaining the speed of response to changes in output parameters. 

One of the ways to increase the thermal inertia of the device is to increase the storage 

capacity of its design. The authors of the works [8, 9] conducted an analysis of various 

methods of energy storage and the requirements for modern storage devices, compared the 

characteristics of heat accumulators using different storage materials. It is singled out as 

one of the most promising systems that accumulate energy due to the heat of phase 

transitions and can be widely used in electric storage devices for heating systems, 
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especially during periods of reduced electricity tariffs and/or under the conditions of their 

operation in pulse mode. 

Works [10, 11] describe the possibility of operation of a phase-transition heat 

accumulator with an improved heat-conducting structure in a centralized heating system 

and electric heat storage (autonomous) systems. It is shown that the efficiency of a heat 

accumulator based on phase-transition organic compounds, which is proposed for use in a 

centralized heating system, almost 14 times higher than a heat accumulator with a solid 

storage material, 5 times higher than a traditional heat accumulator with a liquid material. 

Taking into account the received positive research results [12-19] in terms of the 

possibility of using paraffins as storage materials, it is considered appropriate to develop a 

domestic highly efficient heating device with the function of heat storage based on phase 

transition materials with an improved heat-conducting structure. 

Setting the problem. In order to increase the cooling time of the heating system of 

the building, especially in the conditions of its operation in pulse mode, it is necessary to 

develop a domestic highly efficient heating device with the function of heat accumulation 

and derive a criterion that can be used by each consumer when choosing the optimal 

design of the radiator. 

Research materials and methods. When choosing a heating device (radiator), the 

following factors are traditionally taken into account: architectural planning and 

construction decisions, which determine the height, depth and length of the device; 

estimated thermal power of the heating device; categories of production in premises 

according to explosion and fire safety; customer requirements for the appearance of the 

device; the quality of the coolant and the connection scheme to the heat supply system 

(from an autonomous source or the heat network of the settlement); the amount of working 

pressure in the heat network and heating system; the price of the device related to 1 kW of 

heat flow. 

The characteristic of the radiator describes its thermal power as a function of 

temperature pressure at constant water flow (Fig. 1). The characteristic is a power function 

with a certain exponent of the power n. Indicators of degree n for room radiators should be 

taken from the instructions of the manufacturers or take reference values: 
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convectors n = 1,4 
radiators n = 1,3 
panel radiators n = 1,2 ... 1,3 

If the consumption of the coolant does not affect the thermal power, the latter is 

determined by the product of the standard thermal power by the coefficients (Table 1). 

1. Power factors 

 Influence 

 Temperature coefficient 

 Connection type 

 Screens, a niche 

 Painting of metal surfaces 

 Limited exploitation 

 Generalized coefficient 

 

Another important operating parameter of the heating device is the temperature of its 

working surface. Taking into account the requirements of DBN B.2.5-67-2013, the latter 

should not exceed 85 ºС and not be lower than 35 ºС, which is the optimal operating 

temperature range of the developed heating device with the function of accumulating heat 

based on accumulative materials of organic origin with metal nanoparticles. 

The technical task included the possibility of autonomous operation of the device 

within 4-8 hours without recharging. 

The goal was the possibility of using the development both in systems of centralized 

heat supply and autonomous energy supply, including using portable charging stations or 

even power banks as a source of primary energy. 
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Fig. 1. Characteristics of radiator power at θi = 20 °C 

 

Below, in fig. 2 shows the stages of development of the above-mentioned device. 

As criteria for choosing the optimal design of the heating device and its comparison 

with known ones, the following are accepted: inertia of the heating device; specific cost of 

1 kW of nominal thermal power of the heating device. The specific volume of the coolant 

and the mass of the device (section) are also taken into account [2]. 

Thermal inertia should be understood as the thermal energy content of the heating 

device (Wheat, kJ). It consists of: the heat content of the metal of the heating device (WM, 

kJ) and the heat content of the coolant in the heating device (WT, kJ): 

.,kJWWW TMheat 
 

(1) 

 

The heat content of the metal of the heating device depends on: the mass of the 

device/section (MM, kg), the heat capacity of the material from which the heating device is 

made (cM, kJ/(kg·ºС)) and the average temperature of the heating device (  = 70 ºС, 

with the parameters of the heat carrier 80...60 ºС): 

.,
___

kJtcMW heatMMM 
 

(2) 
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Fig. 2. The process of developing a new design of a heating device with the 

function of accumulating heat based on accumulative materials of organic origin with 

metal nanoparticles 

 

The heat content of the heat carrier of the heating device depends on: the volume of 

the heat carrier, the heat capacity of the heat carrier and the average temperature of the 

heating device: 

,,
___

kJtcMW heatMTT 
 

(3) 

,,001,0 kgVM TTT   
(4) 

where МT – mass of the coolant in the heating device, kg; VT – coolant volume, l; ρT – 

density of water at ; 0,001 – conversion factor. 
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To determine the thermal inertia of different heating devices, it should be reduced to 

a numerical indicator related to the thermal power of comparatively identical heating 

devices (Qn
relat

, kW), that is, to determine the relative thermal energy content of the 

heating device. First, we determine the thermal inertia of the heating device (Wheat, kJ) at 

its nominal thermal power (Qn, kW), and then, by adding the proportion, we arrive at the 

relative thermal energy content of the heating device (Wheat
relat

, kJ) at the heat power we 

need (Qn
relat

, kW). Most often, Qn
relat

 = 1 kW. That is, the relative thermal energy content 

of the heating device (Wheat
relat

, kJ) is defined as the ratio of the thermal energy content of 

the heating device to its nominal thermal power: 

.; relat

heat

relat

nheatn WQWQ 
 

(5) 

From here: 

.,kJ
Q

WQ
W

n

heat

relat

nrelat

heat




 

 

(6) 

Thermal inertia can also be expressed in monetary terms (Сі, UAH): 

,,1023865,0 6 UAHCWC T

relat

heati


 

(7) 

where СT – tariff for thermal energy for heating, UAH/Gcal; 0,23865·10
-6

 – conversion 

factor. 

Time inertia (I, seconds) is defined as the ratio of the thermal energy content of the 

heating device (Wheat, kJ) to the nominal thermal power of the heating device (Qn, kW): 

,
n

heat

Q

W
I 

 seconds. 

(8) 

The specific cost of 1 kW of the installed thermal capacity of the heating device (C) 

is the price of 1 kW of thermal energy, related to the average life of the device. Using this 

parameter, we will determine how much 1 kW of thermal energy will cost per year, during 

the entire life of the device: 

,)/(,
3 € yearkW

aQ
C

n






 

(9) 

where Qn – nominal thermal power of the heating device (section), kW; 3 – price of the 

device (section), €; а – the average term of operation of the heating device, year.  
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To study the indicator of the technical and economic efficiency of the device/group of 

devices (E, €/(kW∙year)), the monetary equivalent of the thermal inertia Сі must be 

converted into the specific monetary equivalent of the thermal inertia of the heating device 

(Сі
р
, €/(kW∙year)). Given that: 

,T

relat

heati CWC 
 

(10) 

,AWW relat

heatann 
 

(11) 

where СT – thermal energy tariff, which is a constant for all types of heating devices; А – 

the thermal energy saving coefficient, which depends on the region of construction of the 

facility and is a constant value for each settlement; Wann – annual heat consumption by the 

heating device, GJ. 

It follows from this that the monetary equivalent of thermal inertia Сі is directly 

proportional to the relative thermal energy content of the heating device Wheat
relat

, and 

Wheat
relat

 is directly proportional to the annual heat consumption of the heating device Wann: 

.~ relat

heatanni WWC 
 

(12) 

In consequence: 

.~ ACC i

p

i 
 

 

(13) 

Since we are calculating the general case, the factor A is not taken into account. 

The indicator of the technical and economic efficiency of the device is defined as the 

weighted average value of the specific monetary equivalent of thermal inertia (Сі
р
, 

€/(kW∙year)) and the specific cost of 1 kW of installed thermal power of the heating 

device (C, €/(kW∙year)): 

.)/(,€ yearkWCCE p

i 
 

(14) 

Research results and their discussion. It was established experimentally that 80 W 

were spent to "charge" a single so-called "tube" with a total weight of 952.9 g and to bring 

the temperature of the heat-accumulating material to 52.1 ºС. At the same time, the 

amount of received "discharge" energy was 78 W (taking into account the cyclical 

operation of the device). Comparing the coefficient of effectiveness of the developed 

heating device with the simplest heater in which a heater is used as a heating element, their 
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values are approximately the same, 97.5% and 99%, respectively. However, taking into 

account the thermal inertia of the heating device with the function of accumulating heat 

based on accumulative materials of organic origin with metal nanoparticles, the advantage 

of its use for heating the premises of buildings whose heating systems operate in pulse 

mode, from the economic point of view and the duration of maintaining comfortable 

conditions for people to stay in such premises, is obvious. The ratio of cooling time 

("discharge") of heating devices of known designs (steel panel radiators, ceramic, 

bimetallic sectional, etc.) and designed (at the temperature of its working surface ≥ 35 ºС) 

is 1:3. 

Using the above methodology, a techno-economic comparison of various types of 

heating devices was carried out, the results of which are shown in the table 2.  

Analyzing the obtained data, it can be concluded that convectors and copper-

aluminum radiators are the most efficient heating devices for modern heating systems, 

when it is necessary to use energy resources rationally or there is a limited amount of heat 

(for example, from accumulated energy storage). But, since there is a big question of 

compliance of convectors with sanitary and hygienic standards due to the accumulation of 

dust between the convector plates, attention should be paid to copper-aluminum radiators. 

Sometimes the operating conditions do not leave space in terms of choosing a heating 

device, therefore, in each group of heating devices, after conducting a technical and 

economic comparison, you can find more energy-efficient radiators. Yes, the most 

efficient heating device from an economic point of view is a convector, but not from a 

sanitary and hygienic point of view (the presence of dust between the fins). 

And if you look at radiators, copper-aluminum ones turned out to be the most 

effective. In each group, there is a fairly significant variation in the value of the indicator 

of technical and economic efficiency of the device, which allows, depending on the 

operating conditions and technical task, to choose a more efficient heating device in the 

required group. 
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2. Technical and economic comparison of heating devices 

 

 
Notes: 

1. In this calculation: the coolant is water, ρw= 971,81 kg/m
3
 at = 70 

º
С (coolant parameters 80 

º
С – 60 

º
С). 

2. Heat capacity of case materials: aluminum саl= 0,92, cast iron сc= 0,504, steel сs= 0,462 kJ/(kg·
º
С); heat 

capacity of water сw= 4,19 kJ/(kg·
º
С). 

Thermal power of heating devices, at which thermal inertia is calculated, Qn
relat 

= 1 kW. 

The technical and economic evaluation of the developed heating device with the 

function of heat accumulation based on accumulative materials of organic origin with 

metal nanoparticles showed that the developed design according to the indicator of the 
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specific cost of the heating device, which is 0.24 €/(kW·year), and the indicator of 

technical the economic efficiency of the device - 0.27 €/(kW·year) is the most effective. 

Conclusions and perspectives. A study was conducted and a technical and economic 

evaluation of heating devices of known and developed new design with the function of 

accumulating phase transition heat was given. In particular, the following has been 

established: 

1. A heating device with the function of accumulating heat based on accumulative 

materials of organic origin with metal nanoparticles has been developed. Experimentally, 

it was established that 80 W were spent to "charge" a single "tube" with a total weight of 

952.9 g and bring the temperature of the heat-accumulating material to 52.1 ºС. At the 

same time, the amount of received "discharge" energy was 78 W (taking into account the 

cyclical operation of the device). The ratio of cooling time ("discharge") of heating 

devices of known designs (steel panel radiators, ceramic, bimetallic sectional, etc.) and 

designed (at the temperature of its working surface ≥ 35 ºС) is 1:3. 

2. A technical and economic analysis of known designs of heating devices was 

carried out. It is shown that convectors and copper-aluminum radiators are the most 

efficient heating devices for modern heating systems, when it is necessary to rationally use 

energy resources or there is a limited amount of heat. But, since there is a big question of 

compliance of convectors with sanitary and hygienic standards due to the accumulation of 

dust between the convector plates, attention should be paid to copper-aluminum radiators. 

From an economic point of view, the most efficient heating device is a convector, but not 

from a sanitary and hygienic point of view (the presence of dust between the fins). And if 

you look at radiators, copper-aluminum ones turned out to be the most effective. 

3. Comparing the efficiency of the developed heating device with the function of heat 

accumulation based on accumulative materials of organic origin with metal nanoparticles 

according to the indicator of the specific cost of the heating device, which is 0.24 

€/(kW·year), and the indicator of technical and economic efficiency of the device - 0.27 

€/(kW·year) is the most efficient. 
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Техніко_економічне обгрунтування вибору оптимальної конструкції 

опалювального приладу з функцією теплоакумуляції 

 

Є. О. Антипов, А. В. Міщенко, О. В. Шеліманова, І. Савченко,  

Д. П. Кожан 

Анотація. З метою збільшення часу охолодження системи опалення будівлі, 

особливо в умовах її роботи в імпульсному режимі, розроблено вітчизняний 

високоефективний опалювальний прилад з функцією акумуляції тепла. Виведено 

критерій, яким може керуватися кожен споживач при виборі оптимальної 

конструкції радіатора. Проведено дослідження та наведено техніко-економічну 

оцінку нагрівальних приладів відомої та розробленої нової конструкції з функцією 

накопичення теплоти фазового переходу. Розроблено нагрівальний пристрій з 

функцією накопичення тепла на основі накопичувальних матеріалів органічного 
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походження з наночастинками металів. Експериментально встановлено, що на 

«зарядку» однієї «трубки» загальною вагою 952,9 г і доведення температури 

теплоакумулюючого матеріалу до 52,1 ºС витрачається 80 Вт. Проведено техніко-

економічний аналіз відомих конструкцій нагрівальних приладів. Показано, що 

конвектори та мідно-алюмінієві радіатори є найбільш ефективними 

опалювальними приладами для сучасних систем опалення, коли необхідно 

раціонально використовувати енергоресурси або є обмежена кількість тепла. З 

економічної точки зору найбільш ефективним опалювальним приладом є конвектор, 

але не з санітарно-гігієнічної (наявність пилу між ребрами). Порівнюючи 

ефективність розробленого нагрівального приладу з функцією теплоакумуляції на 

основі накопичувальних матеріалів органічного походження з наночастинками 

металу за показником питомої вартості нагрівального приладу, який становить 

0,24 €/(кВт·рік), та показником техніко-економічної ефективності роботи 

пристрою - 0,27 €/(кВт·рік) є найбільш ефективним.  

Ключові слова: нагрівальний пристрій, техніко-економічний аналіз, 

накопичення тепла, фазовий перехід, оптимальна конструкція 


