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OPTIMIZATION OF HEATING EFFICIENCY OF BUILDINGS 
ABOVE UNDERGROUND COAL MINES BY INFRARED HEATERS

Purpose. To optimize the energy and economic effi  ciency of heating system of ground structures of coal mines with infrared 

heaters due to the rational choice of technical parameters of heating devices and their operating conditions, namely, the irradiation 

intensity of the fl oor q, thermal power of the heater Q, blackness degree of the fl oor surface ε and the height of installation H of 

infrared heaters. To achieve this goal, the task was to conduct theoretical and experimental studies on infrared heaters NL-12R of 

heating system of a building above underground coal mines during its thermal modernization.

Methodology. At applying radiant heating systems, infrared heaters provide local heating of the working area of the buildings 

above underground coal mines. As a result, the necessary temperature conditions are maintained in the buildings above under-

ground coal mines and there is a possibility of creating a local microclimate. A multifactorial experiment was performed taking into 

account the interaction of factors. The results of the study are presented in graphical and analytical forms. In addition, an analyti-

cal method was used to optimize parameters and operating conditions of the radiant heating system with infrared heaters NL-12R, 

and their number in the system of combined heating of buildings above underground coal mines is optimized.

Findings. According to the experimental results, dependence of the relative fl oor temperature on the intensity of fl oor irradiation 

q, thermal power of the heater Q, blackness degree of the fl oor surface εfl oor and the height H of infrared heater’s location was deter-

mined. The results are presented in the form of graphs and nomograms, as well as approximated by their analytical equations. The 

annual economic eff ect of the optimal variant of combined heating system due to use the maximum number of infrared heaters NL-

12R is 39.4 Euro/year provided that the installation of infrared heaters NL-12R with a power of Q = 1200 W in the number of 5 pcs.

Originality. Optimization of energy and economic effi  ciency of heating system of buildings above underground coal mines by 

infrared heaters NL-12R, due to the rational choice of technical parameters of heating devices and conditions of their operation, 

was carried out by the analytical method.

Practical value. Results of optimization of thermal and economic parameters of operation of the combined heating system of 

buildings above underground coal mines with installation of infrared heaters NL-12R with power Q = 1200 W proved the effi  -

ciency of combined heating of above-ground structures and the achievement of the annual economic eff ect of 39.4 Euro/year.

Keywords: heating system, buildings above underground coal mines, energy saving, thermal modernization, infrared heaters

Introduction. Restructuring in the coal industry and the 

closure of unpromising mines leads to actualization of the is-

sue of constant reduction of costs for coal mining and mainte-

nance of the mine complex in working order. The price of coal 

in the market and the competitiveness of individual enterprises 

depends directly on the use of the latest technology and intro-

duction of energy effi  ciency measures.

The issue of economical use of energy carriers in the cur-

rent energy crisis and the aggravated environmental situation in 

Ukraine also arises in the mining industry. Buildings above un-

derground mines and warehouses occupy a large area and re-

quire not only structural modernization, but also the use of 

energy-effi  cient equipment for heating and ventilation systems.

According to a comprehensive analysis of energy con-

sumption, a large amount of energy is spent on providing the 

heat supply system of production facilities with a large volume, 

which include aboveground structures of coal mines [1]. 

Therefore, the current energy effi  ciency strategy of this indus-

try covers both the legal framework and technical innovations.

Carrying out of thermal modernization of systems and 

mechanisms, installation of a set of automation will allow re-

ducing energy consumption of powerful industrial complexes 

[2, 3]. The use of continuously operating ventilation systems 

and an additional backup ventilation unit on the surface of the 

mine leads to the introduction of heat storage devices as a 

modern solution to increase the energy effi  ciency of heating 

systems [4].

The issue of achieving maximum air distribution effi  ciency 

also remains relevant. The article [5] gives examples of ventila-

tion systems that increase the effi  ciency of air distribution in 

the premises by means of a swirling air fl ow, compact air jet, 

fl at air jet and rectangular air jet. The expediency of using this 

type of jets has been proved and the topical issue of eliminating 
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damage in ventilation systems has been solved, which will pro-

vide comfortable conditions and increase the energy effi  ciency 

of the coal mine.

Mining facilities, which currently consume a lot of energy, 

contribute to environmental pollution. Therefore, the process 

of modernization of these facilities is relevant in the context of 

minimizing harmful emissions, as well as the construction of 

buildings above coal mines with minimal energy consumption 

using automatic control systems. This should take into ac-

count the air quality both inside the mine and in its above-

ground structures, which directly aff ects human health [6, 7].

The energy consumption associated with the need for qual-

ity heat supply in the buildings above underground mines must 

be reduced as a result of energy effi  ciency measures [8]. An al-

ternative to traditional heating systems for above-ground build-

ings is the use of infrared heaters [9]. Infrared heaters, due to 

their features to provide local heating, allow one to directly heat 

various areas of buildings above underground mines, warehous-

es, technical complexes and open areas of coal mines [10].

The use of non-fl ammable, safe electric infrared heaters in 

the ground structures of mines and on work areas will mini-

mize the risks associated with increased fi re hazard of the coal 

industry [11, 12].

Literature review. The key criterion for the selection and 

design of heating systems for buildings above underground 

coal mines is to provide comfortable conditions for personnel 

to perform the production task. Labor productivity depends 

on the quality microclimate in the ground structures of mines.

To maintain the normative temperature of the air environ-

ment in the ground structures of mines, the question of qual-

ity operation of the combined heating system arises, which is 

based on a complex combination of traditional heating system 

of these structures and infrared emitters that provide local 

heating. In this case great attention is paid to the correct selec-

tion and installation of heaters, analysis of the overall econom-

ic effi  ciency of the system as a whole.

Determining the economic feasibility of implementation 

infrared heaters together with a traditional heating system is an 

urgent task.

In order to establish the most acceptable options for the 

operation of the heat supply system based on infrared heaters 

in the ground structures of mines, it is necessary to optimize 

all the parameters that aff ect the overall operation of the sys-

tem. Qualitative regulation of these factors will lead to energy 

effi  cient heat consumption of the heating system of mining 

facilities [13].

The main feature of infrared emitters is to heat the surface 

fi rst, and only then give its heat to the environment. It is a key 

point in the formation of the microclimate in the ground 

structures of mines, which are mostly open and large volume. 

In addition, the eff ect of irradiation intensity and the black-

ness degree of the irradiation surface takes place. A compre-

hensive approach to solving the problem of achieving optimal 

air temperature in the irradiation area will allow choosing cor-

rectly the infrared heaters of a certain capacity and saving a lot 

of energy [14].

In [15], the infl uence of ceramic and tungsten infrared 

heating elements on the radiation fl ux distribution is present-

ed. Experimental results have shown that the change in tem-

perature at the irradiation surface depends on the type of infra-

red heater, namely its short-wave or long-wave radiation. This 

proves the fact that the surface temperature of the irradiation is 

an important variable parameter in providing comfortable 

conditions in the working area.

Widespread use of infrared heaters in industry has been 

proven [16]. Their designs are subject to constant improvement, 

and working conditions provide radiation effi  ciency by 70–

75 %. In [17], a comparison of diff erent types of electric infrared 

emitters and their ability to generate high radiation power with 

a corresponding wavelength range is considered. In addition, 

the surface temperature of the irradiation was investigated.

Along with providing comfortable conditions in buildings 

above underground mines, the technical and economic assess-

ment of the effi  ciency of the radiant heating system by infrared 

heaters plays an important role, namely the analysis of invest-

ment and operating costs for re-equipment of the heating sys-

tem [18, 19].

Unresolved aspects of the problem. Based on the review of 

literature sources, can be generalized that there is a need to 

optimize the energy and economic effi  ciency of the heating 

system of buildings above underground mines due to the ratio-

nal choice of technical parameters of heating devices: the in-

tensity of irradiation of the fl oor surface q, thermal power of 

the heater Q, blackness degree of the fl oor surface ε and the 

height installation of the heater Н, to achieve an increase in 

the relative surface temperature of the irradiation 
s,t  and as a 

result, the air temperature in the building. It is also necessary 

to determine the optimal number of infrared heaters NL-12R 

in the infrared heating system and their high-quality combina-

tion with the traditional heat supply system of ground struc-

tures of coal mines.

The purpose. The aim of the work is to optimize the energy 

and economic effi  ciency of the heating system of ground struc-

tures of coal mines with infrared heaters due to the rational 

choice of technical parameters of heating devices and condi-

tions of their operation, namely the intensity of fl oor irradiation 

q, thermal power of the heater Q, blackness degree of the fl oor 

surface ε and the height of installation H of infrared hea ters.

To achieve this goal, the task was to conduct theoretical 

and experimental studies on infrared heaters NL-12R of heat-

ing system of the ground structures of mines during their ther-

mal modernization.

Materials and methods of research of infrared heaters. It 

should be noted that infrared heaters NL-12R with a maxi-

mum thermal power of 1200 W are quite attractive for use in 

ground structures of mines.

In their application, local heating of the surrounding sur-

faces in the working area of the premise is provided (Fig. 1). In 

addition, the air is heated from the heated surfaces in the ir-

radiation area, which has a positive eff ect on the human body 

which is in the heating area. As a result, the required tempera-

ture conditions are maintained at the location of the emitters.

Results. Experimental studies were performed to deter-

mine the radiation temperature of the irradiation area with an 

infrared heater NL-12R. In addition, the main attention was 

paid to the study on fl oor surface temperature as the largest 

surface area of irradiation. Thermal comfort in the irradiation 

area and further formation of the temperature regime in the 

ground structures of mines depends exactly on the tempera-

ture of the fl oor surface.

To ensure the universality of the obtained calculations, the 

following factors of infl uence on this temperature were taken 

Fig. 1. Infrared heater placement scheme:

1 – infrared heater; 2 – irradiation zone; 3 – irradiation surface; 
H, m – the height of installation of the heater
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into account, namely: the intensity of irradiation of the infrared 

heater q, its thermal capacity Q, the height installation of the 

device Н and the blackness degree of the fl oor surface ε. Ac-

cording to the obtained results, graphs of the dependence of the 

temperature of the heated fl oor surface at diff erent heights of 

the heater were built. Measurements were performed on the 

thermal capacity of the device Q  400, Q  800 and Q  1,200 W 

and the height installation of the heater Н  1, Н  1.5 and Н  

2 m for the fl oor surface with the following indicators:   0.92 

(black metal sheet), ε  0.75 (surface covered with sawdust) and 

ε  0.3 (peat surface). Fig. 2 shows the results for the blackness 

degree of its surface ε, which was accepted as permanent, name-

ly   0.75 (surface covered with sawdust).

The study was aimed at determining the relative fl oor sur-

face temperature, as this value takes into account the ambient 

temperature, which aff ects the fl oor temperature. It is the rela-

tive temperature that allows obtaining universal results and is 

determined by the formul

,s
s

in

t
t

t


where ts and tin are respectively the fl oor surface temperature, 

°С and air temperature in the ground structure of a mine, °С.

The graphs (Figs. 2, a, b, c) are respectively approximated 

by the following empirical dependences

  0.45 0.0024 0.75 ;st Q q     (1)

  0.425 0.0024 0.75 ;st Q q     (2)

  0.35 0.0024 0.75 .st Q q     (3)

On the basis of (1–3) the universal dependence (4) is re-

ceived, which expresses the dependence of the relative fl oor tem-

perature on three values: intensity of fl oor irradiation q, W/m2, 

thermal capacity of the heater Q, W, and the height of its installa-

tion Н, m

  20.35 0.2 0.1 0.0024 0.75 .st H H Q q       (4)

Equation (4) is obtained for a constant value ε = 0.75. To 

generalize the results for other values of ε, a universal graphical 

dependence in the form of a nomogram is constructed, Fig. 3. 

This nomogram (Fig. 3) is approximated by an empirical (5).

 
2

2

(0.35 0.2 0.1 (0.0024 0.75 ) )

(0.98 0.35 0.5 ).

st H H Q q      

    
 (5)

The analysis of Fig. 3 and (5) shows that with increasing 

intensity of fl oor irradiation q, thermal power of the heater Q 

and the blackness degree of the fl oor surface , the relative sur-

face temperature of the irradiation st  increases, and with in-

creasing height of the installation H, it decreases. The relative 

temperature increases more intensively at large values of the 

blackness degree of the fl oor surface , and at its small values, 

the temperature rise is insignifi cant.

Optimization of parameters of infrared heaters NL-12R of 
diff erent thermal productivity. The obtained graphical and 

analytical dependences confi rm the fact that the fl oor surface a

b

c

Fig. 2. The dependence of the relative temperature of the irra-
diation surface on the intensity of irradiation of the fl oor q, 
W/m2 and thermal capacity of the heater Q, W at the height 
of its installation:

a – Н   m; b – Н  1.5 m; c – Н  2 m (the blackness degree of 
the fl oor surface is constant   0.75)

Fig. 3. Universal nomogram of the dependence of the relative 
temperature of the irradiation surface st  on the intensity of 
irradiation of the fl oor q, W/m2, thermal power of the heat-
er Q, W, the height of its installation Н, m and the black-
ness degree of the fl oor surface 
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temperature is aff ected by the thermal power of the heater, 

the height of its installation and the blackness degree of the 

fl oor surface.

Since the intensity of irradiation q corresponded to the val-

ues recommended for ground structures of mines, the surface 

temperature of the heated fl oor did not exceed the permissible 

values, i. e., s 2.t   Therefore, for simplifi cation, it is advisable 

to cite the multifactor experiment to a three-factor one, as-

suming the irradiation intensity q as a constant value. When 

processing the results of the three-factor experiment, the cal-

culated dependence (6) was obtained

 
   
  

2

s 0.058 0.18 0.002 3 5.2

0.3 0.45 0.002 3 5.2 .

t Q Í

Q Í

       

     
 (6)

Analyzing (6), we come to the conclusion that it must be 

investigated to the extreme. For this purpose, it is expedient to 

allocate a simplex y  3H  0.002Q  5.2 and constant quanti-

ties С1  0.18  0.058 and С2  0.45ε  0.3.
We convert expression (6) to the form

Z  C1 y 2  C2 y.

We diff erentiate this expression

Z1  2C1 y  C2.

Since the values of C1 and C2 are positive, the expression 

Z 1 is also positive, never turns to zero, and the function Z 

grows monotonically. This means that to maximize it, it is 

necessary to maximize the simplex

y  3H  0.002Q  5.2.

This simplex is a two-factor function, i. e. the value of y 

depends on two quantities y  f (H; Q).
It should be noted that to determine the simplex y, it is 

necessary to know the value of its maximum. For this purpose, 

in turn, it is necessary to investigate a simplex y-function on an 

extremum whose necessary conditions are like this: if the 

function y  f (H; Q) reaches an extreme at H  H0  and Q  Q0, 

then each partial derivative of the fi rst order from y becomes 

zero at these values of the arguments. Let us diff erentiate by 

partial derivatives

3;
y
H


 


0.002.
y
Q





In general, we obtain a system of two equations with two 

unknowns (7)

 

0

.

0

y
H
y
Q

 


  


 (7)

Solving the system of equations (7), we fi nd the required 

values H  H0 and Q  Q0 on a certain segment of these argu-

ments, respectively [H1; H2] and [Q1; Q2]. Therefore, as a re-

sult of calculations, we would receive coordinates of a station-

ary point M(H0; Q0).

Since there is no preliminary confirmation of the exis-

tence of the maximum of the y-function, additional re-

search is needed, i.e., sufficient conditions for the extre-

mum should be established. If the y-function has continu-

ous partial derivatives of the second order in a certain envi-

ronment of point M(H0; Q0), and if at this time the neces-

sary conditions are met, then in the case where the second 

differential

 
2 2 2

2

1 1

, ,
i jH Q

o o
i j i j

yy H Q
H Q

 

 


 

 

is a positive defi nite quadratic form, then the function y  f(H; 
Q) has a maximum at this point. Under these conditions, the 

y-function will have a stationary value at the point M(H0; Q0), 

and point M will be called stationary.

Let us investigate the positive defi niteness of the quadratic 

form
2 2

2

2 2

2

.

y y
H QH

y y
Q H Q

  
 

  
  
    

It is advisable to enter these notations

2 2 2

2 2
; ; .

y y yA B C
H QH Q

  
  

  

Taking into account the property of the order of diff eren-

tiation in partial derivatives

2 2

,
z z

x y y x
 


   

the Jacobian (J) diff erential determinant will look like this

,
A C

J
C B



after the disclosure of the determinant, we obtain

J  A  B  C2.

Let us fi nd the derivatives of the second order at a station-

ary point M(H0; Q0) and determine its nature

2

2
0;

yA
H


 


2

2
0;

yB
Q


 


2 2

0.
y yC

HQ QH
 

  
 

In this case, Jacobian

J  AB  C 2  0.

Considering that J  0, we state that the function y  f (H; 
Q) has neither a maximum nor a minimum. Therefore, there is 

no stationary point M. Under this condition, the simplex y at 

the ends of the argument intervals should be defi ned [H1; H2] 

and [Q1; Q2]. This means that it is necessary to determine the 

largest value of yi at four points, namely: y1  f (H1; Q1); y2  
 f (H2; Q1); y3  f (H1; Q2); y4  f (H2; Q2).

The obtained results showed that the largest value is y  

 f (1 m; 1,200 W), which is optimal.

This means that the relative fl oor temperature at this point 

is optimal, i. e., this value is optimized.

Optimization of the combined system of heating of ground 
structures of a mine with use of several infrared heaters NL-
12R. Of interest is the application of the combined heating 

system of the ground structure of the coal mine, namely, the 

combination of a traditional heating system with radiant infra-

red heaters. In addition, it is advisable to consider alternatives 

to use infrared heaters NL-12R with the thermal power Q  

 1200 W, which compensates for the share α of heat load of 

traditional heating system.

The following optimization technique is proposed:

1. Annual energy consumption for the needs of a tradition-

al heating system Q0, MJ/year is accepted as the initial data.

2. Energy saving ΔQі of each of the alternatives was defi ned 

as Qі  Qо  Qі, and hence the annual savings Кі, Euro/year.

3. The cost of heating energy [20] (value РHE), which is in 

Ukraine 2,000–2,400 UAH per 1 Gcal is accepted РHE 
 17 Euro/GJ (2,350 UAH/Gcal). Annual operating costs 

with a traditional heating system make С0  РHE Q0, Euro/year.
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4. The cost of electricity РEE, which is 194 kop. for 1 kW· 

year (II voltage class up to 27.5 kV for industrial and similar 

consumers with a capacity of up to 750 kVA), is accepted Ре  

 16.3 Euro/GJ. Annual operating costs for heating with infra-

red heaters make СE  РEQE, Euro/year.

5. During installation of infrared heaters due to the diff er-

ence in the cost of thermal and electrical energy, savings are ob-

tained, which is associated with the capital cost of these devices.

6. Carrying out of technical and economic estimation of 

installation of infrared heaters and substantiation of their eco-

nomically expedient quantity.

The heat load of a traditional heating system is q0, W. At this 

thermal capacity, the annual heating needs will be Q0, GJ/year

Q0  3.6q024z106,

where z is duration of the heating period, days.

Thermal power of the infrared heater NL-12R is qE, W, 

and its cost К, Euro. At this thermal capacity, the annual heat-

ing needs will be Qе, GJ/year

QE  3.6qEn24z106,

where n is the number of devices NL-12R to compensate for the 

proportion  of the heat load of a traditional heating system.

Annual heat savings make, GJ/year

Q  Qo  QE  (1  )Q0.

Annual savings due to the diff erence between the cost of 

heat and electricity year
ecB make, Euro/year

( ),year
ec E HE EEB q n P P    

where РНЕ and РЕЕ are respectively the cost of heat and elec-

tricity, Euro/GJ.

Annual operating costs for a traditional heating system ЕС 

are, Euro/year

ECHE  PHEQ0.

Annual operating costs for the radiant heating system ЕС 

are, Euro/year

ECEE  PHEQ0.

According to these data, we build a graph (Fig. 4). Fig. 4 

shows the dependence on the number of n infrared heaters 

NL-12R of investment costs IС for their purchase, exploitative 

costs ЕC (line 2) and annual combined costs CC for these ma-

terials. Fig. 4 shows a geometric interpretation of fi nding the 

optimal point for diff erent numbers of n infrared heaters NL-

12R. Values nopt and СCopt are determined analytically after dif-

ferentiating the expression for the combined costs and equat-

ing it to zero.

To obtain a solution, it is necessary to reduce the values 

to the same dimension using the normative coeffi  cient of re-

duction of diff erent time costs ЕN and investigate the func-

tion of combined costs СС for the presence of a minimum 

point.

 CC  ENIC  EC, (8)

where ЕN is the normative coeffi  cient of reduction of diff erent 

time expenses, 1/year.

This value is inverse to the normative payback period ТN, 

years.

In this case, the terms of the (8) are investments accord-

ingly (total annual cost of infrared heaters NL-12R) and ex-

ploitative costs (specifi c annual cost of thermal and electric 

energy to maintain the set temperature in the room tin, °C).

After diff erentiation of expression (8) and replacement of 

variables we obtain economically expedient quantity of infra-

red heaters NL-12R

 ,î pt
a Tn

b


  (9)

where a and b are respectively, numerical coeffi  cients that ex-

press the cost of thermal energy and the cost of electricity.

The analysis of (9) shows a partial case: this expression is 

not equal to zero, the function is monotonic, the critical 

point is absent. The largest and smallest values of the func-

tion are at the ends of the numerical interval. Therefore, it 

should be noted that the rise in price of thermal energy leads 

to an increase in the optimal number of infrared heaters 

NL-12R. A similar consequence is a decrease in the cost of 

electricity, but there is usually a tendency to increase its 

price. Therefore, the ratio of the coeffi  cients a and b is deci-

sive, that is, the cost of thermal energy to the cost of elec-

tricity. This factor must be taken into account when design-

ing heating systems for ground structures of coal mines for 

the future.

The question arises, what are the numerical indicators of 

the use of a combined heating system? To solve this problem, 

we represent the fraction α of radiant heating by infrared heat-

ers NL-12R within 10–50 %, that is   0.1–0.5. Value   0.1 

means the minimum number of infrared heaters NL-12R, i. e., 

1 psc., with their maximum thermal output of 1,200 W. There-

fore, the total thermal capacity of the heating system is q0  

 12 kW, and annual thermal capacity is Q0  192 GJ/year. So, 

we consider the following four options:

- traditional heating system (no infrared heaters q0  12 kW, 

Q0  192 GJ/year);

- combined heating system with the number of infrared 

heaters 1 psc. (q0  10.8 and qR  1.2 kW; Q0  172.8 and QR  

 19.2 GJ/year);

- combined heating system with the number of infrared 

heaters 3 pcs. (q0  8.4 and qR  3.6 kW; Q0  134.4 and QR  

 57.6 GJ/year);

- combined heating system with the number of infrared 

heaters 5 pcs. (q0  6.0 and qR  6.0 kW; Q0  96.0 and QR  

 96.0 GJ/year).

The results of the calculations are given in Table.

Fig. 4. Dependence of diff erent fi nancial costs on the number of 
n infrared heaters NL-12R:

1 – investment costs ІС, UAH; 2 – annual exploitative costs EС, 
UAH/year; 3 – combined costs СС, UAH/year

Table
Economic characteristics of combined heating

No

Number 

of infrared 

heaters

Capital costs,

K

thousand 

UAH

Exploitative costs,

EC,

thousand

UAH/year

Combined costs, 

CC,

thousand

UAH/year

1 0 0 107.7 107.7

2 1 1.1–2.2 107.3 107.5–107.6

3 3 3.3–4.4 106.5 107.0–107.2

4 5 5.5–6.6 105.6 106.4–106.6
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Taking into account the fact that capital costs are consid-

ered as the cost of infrared heaters NL-12R, and the cost of 

their installation, which depends on various factors, it is advis-

able to present these data as a gap. Therefore, the values of the 

reduced costs are similarly given.

As the analysis of the results of the table shows, there is a 

tendency to reduce the combined costs with an increasing 

number of infrared heaters NL-12R. This means that it is ad-

visable to increase the share α of radiant heating to   1, i. e., 

to the maximum possible 100 %. Therefore, it is advisable to 

use radiant heating of ground structures of coal mines and the 

reconstruction of traditional heating systems in the future. The 

payback period of infrared heaters NL-12R is 1.9 years, that is, 

when the heating system is reconstructed, these devices will be 

profi table in less than 2 years.

In summary, we argue about the feasibility of using infra-

red heaters NL-12R in the maximum possible quantity with 

the optimized parameters of their operation both in power, 

and in technical and economic aspects. These measures will 

provide comfortable conditions in buildings above under-

ground mines and get the maximum economic eff ect.

The research results can be used in the development of 

mathematical models and design of energy-saving radiant 

heating systems of buildings above underground mines with 

the use of infrared heaters NL-12R.

Conclusions. On the basis of the conducted research, we 

assert:

- the optimal number of infrared heaters NL-12R with a 

combined heating system of the building above underground 

mine is the maximum possible;

- the method for determining the optimal combined costs 

and the optimal number of infrared heaters NL-12R at con-

stant prices is given;

- the rise in price of thermal energy leads to an increase in 

the optimal number of infrared heaters NL-12R;

- the maximum economic eff ect is received at the expense 

of installation of infrared heaters NL-12R in the maximum 

possible quantity.
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Оптимізація ефективності опалення 
наземних споруд вугільних шахт 

інфрачервоними обігрівачами
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2 – Національний університет «Львівська політехніка», 
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Мета. Оптимізація енергетичної та економічної 

ефективності системи опалення наземних споруд вугіль-

них шахт інфрачервоними обігрівачами завдяки раціо-

нальному вибору технічних параметрів опалювальних 

пристроїв і умов їх експлуатації, а саме інтенсивності 

опромінення підлоги q, теплової потужності нагрівача Q, 
ступеня чорноти поверхні підлоги ε і висоти розташуван-

ня Н інфрачервоних обігрівачів. Для досягнення мети 

було поставлено завдання провести теоретичні та експе-

риментальні дослідження інфрачервоних обігрівачів NL-

12R системи опалення надшахтної будівлі під час її тер-

момодернізації.

Методика. При застосуванні систем променистого 

опалення інфрачервоними обігрівачами забезпечується 

локальне опалення робочої зони надшахтної будівлі. 

Унаслідок цього у наземних спорудах вугільних шахт під-

тримуються необхідні температурні умови та існує ймо-

вірність створення локального мікроклімату. Було реалі-
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зовано багатофакторний експеримент з урахуванням 

взаємодії факторів. Результати дослідження представлені 

у графічному та аналітичному вигляді. Крім цього, було 

застосовано аналітичний метод оптимізації параметрів і 

умов експлуатації системи променистого опалення інф-

рачервоними обігрівачами NL-12R, а також оптимізова-

на їх кількість у системі комбінованого опалення назем-

них споруд вугільних шахт.

Результати. За результатами експерименту визначе-

на залежність відносної температури підлоги від інтен-

сивності опромінення підлоги q, теплової потужності 

нагрівача Q, ступеня чорноти поверхні підлоги εпідл і ви-

соти розташування Н інфрачервоних обігрівачів. Ре-

зультати представлені у вигляді графіків і номограми, а 

також апроксимовані аналітичними рівняннями. Річ-

ний економічний ефект за оптимального варіанту ком-

бінованої системи опалення за рахунок застосування 

максимальної кількості інфрачервоних обігрівачів NL-

12R складає 39,4 Euro/рік за умови встановлення інфра-

червоних обігрівачів NL-12R потужністю Q = 1200 Вт у 

кількості 5 шт.

Наукова новизна. Оптимізація енергетичної та еконо-

мічної ефективності системи опалення наземних споруд 

вугільних шахт інфрачервоними обігрівачами NL-12R, 

завдяки раціональному вибору технічних параметрів 

опалювальних пристроїв і умов їх експлуатації, проведе-

на аналітичним методом.

Практична значимість. Результати оптимізації тепло-

вих і економічних параметрів роботи комбінованої сис-

теми опалення надшахтних будівель зі встановленням 

інфрачервоних обігрівачів NL-12R потужністю Q = 1200 

Вт засвідчили ефективність комбінованого опалення на-

земних споруд вугільних шахт і досягнення річного еко-

номічного ефекту 39,4 Euro/рік.

Ключові слова: система опалення, надшахтні будівлі, 
енергоощадність, термомодернізація, інфрачервоні обігрівачі

The manuscript was submitted 29.07.21.


