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Abstract 

The article is devoted to solving of urgent problem to analyse energy saving effect from radiant heating and 

ventilation of premise with exhaust outlet and flat decking air jet. The aim of the work is analysis of energy 

efficiency of radiant heating systems using infrared heaters and ventilation of the premise due to the effect of a 

flat decking air jet on the surface of the heater; determination the amount of heat received both by flat decking 

air jet from the infrared heater when laying on its flat surface and amount of heat from the exhaust air entering 

the recuperator. Use of the infrared heaters in combination with an air distribution of the ventilation system 

with the flat decking air jets is effective, as it allows to achieve savings in heat load of the ventilation system 

in the range of 11% - 19%. The amount of heat recovery of the exhaust air removed by the exhaust outlet is 30 

- 40 W that equals 15% - 20%. Saving the heat load of the ventilation system allows reducing the actual initial 

temperature of the tidal flat decking air jet and achieving a total saving of thermal energy of 24% - 34%.  
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Nomenclature 

ΔQ – additional amount of heat, W; 

α – heat transfer coefficient, W/(m2К); 

λ – thermal conductivity coefficient, W/(mК); 

ν – viscosity coefficient, m2/s; 

ρ – air density, kg / m3; 

ε – emissivity coefficient of the surface; 

εr – given emissivity coefficient of the surface; 

φ – irradiation view factor; 

a – width, m. 

b – height of the slit, m; 

С0 – irradiation coefficient of an absolutely black body, 

c – specific heat capacity, kJ/(kg K);  

F – square, m2; 

H – height of the heater location, m; 

kc – flat jet compression ratio; 

L – air volume flow rate, m3/h; 

l – length, m; 

m – velocity attenuation coefficient; 

n – number of i-th surfaces in the room; 

Q – amount of heat, W; 

Т – absolute temperature, K; 

t – temperature, °С;  

v – velocity, m/s; 

𝑣𝑥 – relative current velocity; 

x – running coordinate, m 

Subscripts 

0 – initial; air – indoor air; c – compressed;  

 
© 2022 by the Authors. Licensee Polish Society of Technical Diagnostics (Warsow. Poland). This article is an 

open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) 
license http://creativecommons.org/licenses/by/4.0/). 

cl – calculated; cr – critical; e – exhaust; fl – floor; ih – 

infrared heater; R – real; r – radiant;  

rec – recuperator; v – ventilation; x – current. 

 

1. INTRODUCTION 

 

Issues of rational use of energy carriers, 

transition to alternative energy sources and the use 

of energy-efficient heat generating devices are 

extremely relevant in the widespread development 

of the energy crisis. Stable reduction of traditional 

energy resources makes it important to use energy-

efficient heating systems in Europe and Ukraine in 

particular. A large amount of energy is used to 

create the necessary microclimate in industrial, 

agricultural and public premises. Regulatory air 

parameters such as temperature, mobility and gas 

content are components of a comfortable 

microclimate in a closed isolated room. Therefore, 

an important task in terms of energy saving [17], 

ecology and human comfort [11] is to ensure these 

parameters at the required level with a reduction in 

energy consumption of the building. The main 

function of heating and ventilation systems of 

industrial and public buildings is to create 

https://doi.org/10.29354/diag/149797
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comfortable living conditions for people. In 

particular, the high concentration of CO2 and other 

indoor air pollutants [15, 27] in this type of premises 

results in deterioration of health of people, decrease 

in their working capacity that influences efficiency 

of work and quality of the made production.  

There is no doubt that energy consumption for 

heating and ventilation systems of industrial, 

agricultural and public buildings must be reduced 

[25]. One of these energy-efficient measures is 

premises heating with infrared heaters, equipped 

with exhaust outlets in order to recover [1, 3] the heat 

of the exhaust air. 

At infrared heating of rooms, one of the 

important tasks is to ensure local heating of the 

working area [8, 9]. This is the only type of heating 

device that provides a normalized temperature in the 

working area, which is important for public and 

industrial premises. Non-compliance with 

microclimate norms in the work area can cause both 

deterioration of human well-being and affect the 

operation of equipment. The choice of infrared 

heaters depends on the purpose of the room and the 

technological processes that take place in it [7, 8]. 

For the device of ventilation of premise 

important tasks are creation of the effective 

organization of air exchange and air distribution 

[10]. Comfort conditions are primarily determined 

by the temperature [4] and velocity [12, 13, 16, 23] 

of indoor air in the working area. These values are 

maintained by ventilation devices and affect the 

choice of air distribution scheme. Normalized air 

parameters must be provided in the working area of 

the premise, as the maintenance of proper sanitary 

and hygienic characteristics of the microclimate of 

the room satisfies the physiological needs of man, 

which largely depends on health and efficiency. The 

CO2 concentration in rooms with long-term and 

short-term [7] stay of people, noise level, as well as 

the aspect of energy saving of the building [18, 22, 

28], indoor microclimate systems [19, 20], external 

networks [24] and boiler room [21] as heat sources 

should also be taken into account. One of the 

effective measures is to create a dynamic 

microclimate and utilization of exhaust air by heat 

recuperators [1, 3]. 

Quite often, the production and technological 

process takes place in small rooms, overloaded with 

equipment and personnel. This requires the need to 

supply a large amount of supply air in this type of 

compressed conditions. 

This complicates the task of providing in the 

working area of air velocity and temperature within 

the normative limits [12, 13, 16]. They often exceed 

the normalized values, as proper attenuation of air 

flow velocity and temperature is not ensured. As a 

result, the conditions of comfort are not observed 

and the material and energy consumption of the 

ventilation system as a whole increases. 

A rational solution to this problem is the 

intensification of the attenuation of the velocity and 

temperature of the supply air jet using energy-

efficient air jets, namely compact, flat and twisted. 

Existing mathematical models [2, 5, 14] of this type 

of air flows need to be improved in terms of taking 

into account the effect of decking. 

Today the issue of creating comfortable 

microclimatic conditions and achieving energy 

efficiency of air distribution using energy efficient 

air jets is relevant. This is achieved through proper 

turbulence of the air flow at its outlet from the 

supply nozzle. 

The study [8] obtained the results of 

determining air temperature by analytical and 

experimental methods. 

Various designs of infrared heaters are 

considered, in particular ceramic and tubular gas 

radiation heaters, as well as the most modern 

technologies and systems of waste heat recovery [3, 

9]. 

Heat savings in heating and supply and exhaust 

ventilation systems, in particular exhaust air heat 

recovery, are important in industrial and public 

premises. To solve it, it is advisable to use low-

temperature heat for further needs of the heat supply 

system of industrial and office premises [8, 9]. In 

[9] the use of exhaust heat recuperator is presented 

as a promising solution that has been developing 

rapidly in recent years. Possibilities of application 

of various heat exchangers in the system of gas 

removal at heating by radiation heaters are also 

considered. 

The choice of both the type of radiation heaters 

and the heat recovery system requires consideration 

of many factors. 

When choosing the design of the infrared heater, 

it is advisable to take into account the combined 

action of the radiant heating system and supply and 

exhaust ventilation. When choosing the type of 

infrared heaters must take into account the 

geometric dimensions of the room, the location of 

equipment, heat sources, the workplace area [26]. 

The issue of heat saving in heating and supply and 

exhaust ventilation systems is relevant and needs a 

comprehensive solution. Heating devices with a 

high heat transfer coefficient and a sufficient heat 

transfer surface are effective for industrial and 

public premises. They allow maintaining the air 

temperature in the working area at a stable level. 

Due to the use of radiant heating, an increase in 

the intensity of heat transfer is achieved. The article 

proposes to use an exhaust outlet for heat utilization 

and its further use in the recuperator along with the 

use of infrared heater NL - 12R in the radiant 

heating system. Additionally, it is proposed to apply 

the effect of decking of the supply ventilation jet on 

the surface of the infrared heater [6]. This factor 

causes an increase in the range of the jet by 1.5 

times, and intensifies the process of heat transfer in 

a public building. The use of swirling or compact 

supply jets is effective in this aspect, but the contact 

area in the heat exchange process is insufficient. 

Given this factor, it is worth proposing flat decking 

air jets to increase the heat transfer area, as this 
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factor is extremely important. An attractive feature 

of this type of jets is that they have proper 

turbulence, providing intensive ejection of indoor air 

to the supply jet. At the same time, the appropriate 

damping coefficients of velocity and temperature are 

obtained. This factor makes it possible to supply a 

significant amount of supply air in compressed 

conditions of a small office premises. 

In view of the above information, it can be stated 

that there is a need to increase the energy efficiency 

of the radiant heating system in conjunction with the 

supply and exhaust ventilation system. This is 

achieved through use infrared heaters NL - 12R and 

the effect of decking of the ventilation supply air jet 

on the surface of the heater and heat recovery of 

exhaust air. 

At the same time, it is necessary to choose the 

most expedient type of ventilating air jet, which 

would provide the maximum efficiency concerning 

the contact area of a jet with a surface of an infrared 

heater, coefficients of attenuation of the velocity and 

temperature of the air flow, the proper range of the 

ventilation jet. In this aspect, swirling, compact and 

flat decking jets deserve attention. Ensuring the 

energy efficiency of the heating and ventilation 

system of the production premises will be carried out 

with the use of exhaust heat recuperator. 

 

2. GOAL OF THIS PAPER 

 

The aim of the work is analysis of energy 

efficiency of radiant heating systems using infrared 

heaters NL – 12R and ventilation of the premise due 

to the effect of a flat decking air jet on the surface of 

the heater; determination the amount of heat 

received both by flat decking air jet from the infrared 

heater NL – 12R when laying on its flat surface and 

amount of heat from the exhaust air entering the 

recuperator. 

To achieve this goal it is necessary to perform the 

following research tasks: 

- analyze the characteristics of flat air jets, their 

efficiency and calculated dependences; 

- generalize and deepen the theory of aerodynamic 

processes in the supply of air by flat decking jets; 

- perform experimental studies of air distribution by 

flat decking air jets, determine their characteristics 

and establish calculated dependences for the 

theoretical solution of indoor air distribution; 

- create a generalized mathematical model of the 

movement of air flows by flat decking jets; 

- compare the theoretically obtained results with 

experimental data and establish correction factors; 

- determine the temperature of the floor surface when 

irradiated it with an infrared heater; 

- determine the amount of heat received by a flat 

decking air jet from an infrared heater NL - 12R 

when laying on its flat surface; 

- determine energy efficiency indicators of radiant 

heating system using infrared heater NL - 12R with 

exhaust outlet.  

 

3. RESEARCH OF ENERGY SAVINGS OF 

INFRARED HEATERS WITH EXHAUST 

OUTLET AND FLAT COMPRESSED 

DECKING JETS 

 

Infrared heaters allow providing local heating of 

the working area of the room. As a result, the 

required temperature is maintained in the 

production premises and a local microclimate is 

created. In fig. 1 shows the design of an infrared 

heater with an exhaust outlet.  

 

Fig. 1. Infrared heater with an exhaust outlet: 

1 – infrared emitter; 2 - reflector; 

3 - exhaust outlet; 4 - exhaust pipe 

 

The infrared heater works this way. Infrared 

emitter 1 carries out local heating of the working 

area, the reflector 2 directs infrared rays directly 

into the heating zone, the exhaust outlet 3 removes 

polluted air from the premises through the exhaust 

pipe 4, which is used for heat recovery. 

To determine the radiation temperature of the 

surface enclosing structures of the working area 

when irradiated with an infrared heater, an 

experimental study was conducted. To ensure the 

universality of the obtained calculations, the factors 

influencing this temperature were taken into 

account, namely: the intensity of irradiation of the 

infrared heater q, W/m2, thermal power of the 

infrared heater Q, W, the height of its installation H, 

m, and the blackness degree of the surface of the 

enclosing structures ε. 

Since the radiant heat is directed to the floor, the 

influence of other structures can be neglected and 

limit the study to determine the relative floor 

surface temperature. It allows taking into account 

the indoor air temperature, which has a decisive 

influence on the obtained results. The relative 

dimensionless temperature is universal, as it is the 

ratio of experimentally determined surface 

temperatures of the heated floor tfl, ºС to the air 

temperature in the production room tair, ºС. 

According to the results of the experiment, a 

nomogram was constructed, shown in fig. 2.  

Using the intervals of variation for the input 

values, an equation was obtained to find the relative 

temperature of the heated floor surface 𝑡𝑓𝑙 at 

400W≤ 𝑄𝑖ℎ ≤1200 W, 1.28 m ≤ Н ≤ 1.72 m, 0.3 

≤ 𝜀𝑓𝑙 ≤ 0.92. 
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Fig. 2. Dependence of the relative temperature of the 

irradiation surface on the thermal power of the heater Qih, 

W, height of its installation Н, m and emissivity 

coefficient of the surface εfl 

 

𝑡𝑓𝑙 = 1.255 + 0.1
𝑄𝑖ℎ − 800

400
− 0.085

𝐻 − 1.5

0.22
+ 

+0.08
𝜀𝑓𝑙 − 0.61

0.31
+ 0.03

𝑄𝑖ℎ − 800

400
⋅

𝜀𝑓𝑙 − 0.61

0.31
− 

−0.03
𝐻−1.5

0.22
⋅

𝜀𝑓𝑙−0.61

0.31
  (1) 

Since the article proposes to use the effect of 

decking a flat supply ventilation jet on the surface of 

the infrared heater NL - 12R, then it is necessary to 

give theoretical calculations. 

Consider the output of a flat compressed air jet 

from the supply slit (fig. 3). The air distributor in the 

form of a flat slit with the ratio of its length to the 

height l/b = 10 (30x3 cm) forms a flat air jet. It is 

characterized by sufficient uniformity of the initial 

velocity field over the area of the air outlet. This is 

in favor of the use of flat air distributors along with 

panel air distributions, in particular PWM (panel 

wall-mounted) and other panel air distributions. An 

important advantage of air distributors in the form of 

a flat slit (fig. 3) is a high turbulence of the flow at 

its outlet of the nozzle. This is confirmed by the 

corresponding numerical values of the damping 

coefficients of velocity m and temperature n, which 

is an advantage over compact and swirling air jets. 

In addition, the use of flat air jets allows to get 

small values of air velocity in the working area of 

small premises while ensuring a high air exchange 

rate. In small rooms, there are compressed 

conditions of leakage of supply ventilation jets. As a 

result, the velocity decreases more intensely, and 

long-range decreases. 

 

Fig. 3. Experimental installation and nozzle with 

the aspect ratio l/b = 10 (30x3 cm), which forms a 

flat compressed air jet 

 

To enhance the effect of providing large air 

exchange rate in small premises, it is advisable to 

use the effect of decking of air jet on a flat surface. 

This increases the range of the jet and reduces the 

performance of the ventilation system. In the 

process of laying, the crucial is the area of contact 

of the air flow with the heated surface. In this 

aspect, the most effective of these are flat jets. 

In addition, the effect of laying a flat air jet on 

the surface of the infrared heater NL - 12R 

intensifies the heat transfer process from the heater 

to the ambient air. As a result, the air flat deck jet 

receives an additional amount of heat ∆Q, which 

depends on the air velocity. The result is an increase 

in the uniformity of the temperature field of indoor 

air in the production room, which improves the 

comfort conditions of the premise. However, the 

more important advantage is to achieve savings of 

this value ∆Q for the heat load of the ventilation 

system Qv, as in general the thermal balance of the 

premise takes into account the heat load of both the 

heating system and the ventilation system. 

To confirm or refute the hypothesis, it is 

advisable to conduct experimental studies. Figure 3 

shows the experimental setup. 

Experimental studies were conducted under the 

following conditions and simplifications: 

- area of the flat tidal slit was F0 = 0.009 m2; 

- air consumption was within L = 100 – 500 m3/h; 

- initial velocity of the flat compressed air jet was 

within v0 = 3 – 14 m/s; 

- ratio of the sides of the inflow flat slit l/b = 10; 

- floor and wall surfaces receive heat due to radiant 

heat transfer; 

- heated floor and wall surfaces give off heat to the 

air by convection; 

- one-time radiant heat transfer from the surface of 

the infrared heater to the surfaces in the room is 

accepted; 

- temperature distribution on each characteristic 

element is uniform. 

The absolute velocity of the compressed air flow 

was measured with a thermoelectro-anemometer 

Testo-405 at the specified numerical values. 

However, it is advisable to operate with 

dimensionless values of relative velocities as the 

ratio of the absolute current velocity vх, m/s, to the 

absolute initial v0, m/s. This allows obtaining 

universal results for different initial, boundary and 

design conditions. The obtained results of relative 

axial velocities of a flat compressed air jet are 

presented in fig. 4. According to these data, taking 

into account the variety of initial, boundary and 

design conditions, it is possible to estimate the 

velocity of a flat compressed decking jet. At a 

distance from the supply nozzle to the device NL - 

12R within 1 - 5 m, the relative velocity is in the 

range of 0.2 - 0.45 according to fig. 4. 
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Fig. 4. Graph of the dependence of the relative 

axial velocity of a plane jet on the current 

coordinate 

 

In particular, this corresponds to the absolute 

velocity of the compressed flat decking air jet when 

flowing around the surface of the infrared heater 

vх=2.0 – 4.5 m/s under the condition of initial 

velocity v0 = 10 m/s. 

Along with the graphical (fig. 4) dependence of 

the relative axial velocity of the flat compressed jet 

on the current coordinate, there is also an analytical 

(2): 

𝑣𝑥 = 𝑚 ⋅ 𝑘𝑐√
𝑏

𝑥
                           (2), 

where х – current coordinate, m; 

     b – height of the inflow flat slit, m; 

    m – air flow rate damping coefficient; 

    kc – flat jet compression ratio; 

   𝑣𝑥 – relative current velocity of a flat air jet. 

The coefficient of compression of a flat jet kc 

depends on several factors: velocity damping 

coefficient m, the height of the inflow slit b and 

current coordinates х. These factors form the 

determining simplex (fig. 5), and the compression 

ratio kc determined graphically from Fig. 5 or 

analytically from formula (3). 

 

Fig. 5. Graph of the dependence of the 

compression ratio kc flat jet from the defining 

simplex 

 

In this formula, it is advisable to denote the 

simplex by z: 

𝑘𝑐 = 1 + 1.56 ⋅ 𝑧 − 5.74 ⋅ 𝑧2 + 3.65 ⋅ 𝑧3   (3), 

where 𝑧 =
1

𝑚
⋅ √

𝑥

𝑏
 – defining simplex. 

On the graph (fig. 5) in the environment of point 

A, the abscissa of which ZА = 0.5, the inflection of 

the concavity-convexity of the curve is viewed. 

This means that point A is a critical point of the 

second order, ie the second derivative of the 

function kc (2) is equal to zero. The analytical 

verification of this fact deserves attention. To do 

this, determine the first derivative of expression (3) 

and obtain (4): 

𝑘с
′ = 1.56 − 11.48 ⋅ 𝑧 + 10.95 ⋅ 𝑧2       (4). 

When determining the second derivative can be 

obtained equation (5): 

𝑘с
′′ = −11.48 + 21.9 ⋅ 𝑧             (5). 

Equating expression (5) to zero, the result zА = 

0.524 can be obtained. As can be seen, there is a 

satisfactory convergence of graphics (zА = 0.5) and 

analytical (zА = 0.524) results. 

When using the decking effect, a convective 

component additionally appears next to the 

radiation component of the heat flux of the radiant 

heating system, namely heat transfer from the 

surface of the infrared heater NL - 12R to the flat 

decking air jet of the ventilation system, which 

wraps around the surface of the infrared heater. 

Consider the process of heat transfer by 

convection with forced longitudinal flow around the 

flat surface of the infrared heater NL - 12R (fig. 6). 

Let a longitudinal air flow be laid on the flat surface 

of the infrared heater of length l and width а. Let us 

denote the current velocity and temperature of this 

air jet, respectively vх, m/s and tх, °С, and the 

surface temperature of the infrared heater – tih, °С. 

Since the surface temperature of the infrared heater 

NL - 12R significantly exceeds the current air flow 

temperature tih ˃˃ tх, which differs from the indoor 

air temperature tair slightly (tх ≈ tair), it is more 

convenient to operate with quantity tair instead tх. 

 

Fig. 6. Scheme of decking of a ventilating air jet 

on a flat surface at the forced longitudinal flow 

around an infrared heater of NL - 12R: 1 – 

infrared emitter; 2 - reflector; 

3 - exhaust outlet; 4 - exhaust pipe 

 

According to the Stefan-Boltzmann law of 

radiant heat transfer, it is possible to determine the 

radiation power of an infrared heater Qih taking into 

account all surfaces of a protection of the premise: 
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𝑄ih = С0 ⋅ 𝜀ih−і ⋅ 𝐹ih ⋅ 𝜙ih−і [(
Тih

100
)

4

− ∑ (
Ті

100
)

4
𝑛
і=1 ] 

(6), 

where 𝜙ih−і – view factor between the surface of the 

heater and the i-th surface of fencing of the premise; 

Fih, – surface area of the infrared heater, m2; 𝜀ih−і – 

relative emissivity coefficient of the heater surface 

and the i-th surface in the premise; С0 – the 

coefficient of radiation of an absolutely black body, 

С0=5.67W/(m2·ºK4); Тih, Ті – absolute temperatures, 

respectively, the surface of the infrared heater and 

the i-th surface in the premise, K; n – the number of 

i-th surfaces in the premise. 

With the help of transformations of equation (6) 

it is possible to obtain the dependence (7), which 

determines the absolute surface temperature of the 

infrared heater: 

𝑇ih

100
= √

𝑄𝑖ℎ

С0⋅𝜀ih−і⋅𝐹ih⋅𝜙ih−і
+ ∑ (

Ті

100
)

4
𝑛
і=1

4
   (7). 

 

It is advisable to accept the simplification and 

take into account only the determining factor of the 

floor, and the slight influence of other structures to 

neglect. As a result, the dependence (7) takes the 

form (8): 

𝑇ih

100
= √

𝑄𝑖ℎ

С0⋅𝜀ih−і⋅𝐹ih⋅𝜙ih−і
+ (

𝑇

100
)

44
  (8). 

 

where Т – the absolute temperature of the floor 

surface as having a dominant area of all i-th surfaces 

in the premise, K. 

Therefore, the surface temperature of the infrared 

heater in degrees Celsius is: tih = Тih – 273.  

The next step is to determine the average on the 

surface of the infrared heater NL - 12R heat transfer 

coefficient α, W/(m2·K) and the amount of heat ∆Q, 

W, which is perceived by the ambient air from the 

surface of the device NL - 12R. At the standard air 

temperature tair when ventilating the premise it is 

necessary to use the following indicators of its 

thermophysical properties: kinematic viscosity 

coefficient – ν, m2/s, thermal conductivity 

coefficient – , W/(m·K), Prandtl's criterion – Pr . In 

particular at air temperature tair=20°С these 

parameters are respectively: ν=15.06 10-6 m2/s,  = 

2.59 10-2 W/(m·K), Pr=0.703. 

The hydraulic flow regime is determined by the 

criterion Re by the formula (9): 

𝑅𝑒 =
𝑣𝑥𝑙𝑜

𝜈
                           (9), 

where vх – current air flow velocity, m/s; 

     ν  – kinematic viscosity coefficient, m2/s; 

     l0 – determining size, m. 

It is advisable to accept the simplification of the 

current estimated velocity vх. Since the width of the 

infrared heater is а = 0.1 m, which is much less than 

the width of the flat air jet, the change in flow rate in 

its profile can be neglected. The determining size l0 

is the length l of the infrared heater NL – 12R. As its 

length is l = 0.54 m, ie is insignificant to change the 

flow rate, it is correct to assume a constant velocity 

at the calculation point in the center of the infrared 

heater. 

Often for practical calculations of heat transfer 

at the forced longitudinal air flow of a flat surface 

(in our case the surface of the infrared heater NL – 

12R) take the critical value of the Reynolds 

criterion Recr = 5105. If Re < 5105, then the flow 

regime in the boundary layer is laminar. Nusselt's 

criterion Nu in this case is determined by the 

formula (10): 

𝑁𝑢 = 0.67 𝑅𝑒1 2⁄ 𝑃𝑟1 3⁄                  (10), 

where Re and Pr - Reynolds and Prandtl criteria, 

respectively.  

If Re > 5105, then the flow regime in the 

boundary layer is highly turbulent. In this case, the 

Nusselt Nu criterion is determined by the formula 

(11): 

𝑁𝑢 = 0.032 𝑅𝑒0,8                    (11), 

where Nu – this is Nusselt's criterion, which by 

definition is expressed by an equation (12): 

𝑁𝑢 =
𝛼𝑙𝑜

𝜆
                        (12), 

where  

α – heat transfer coefficient from the surface of the 

infrared heater NL - 12R to a flat air jet, 

W/(m2K);  

λ – thermal conductivity coefficient of air, W/(m K). 

Taking into account fig. 4 (according to the 

values of the current velocity) and the dimensions 

of the design of the infrared heater NL – 12R 

Reynolds' criterion is within Re = 0.72105 – 

1.61105. This means that in this mode of movement 

of the air jet when it flows around the surface of the 

infrared heater NL – 12R formula (10) should be 

used, and taking into account (11) the heat transfer 

coefficient α, W/(m2·K), is determined from the 

formula (13):  

𝛼 = 𝑁𝑢
𝜆

𝑙𝑜
                      (13) 

Based on certain intervals of criteria 

Re=0.72105 – 1.61105 Nusselt's criterion by 

formula (10) is within Nu = 160.0 – 239.3. 

Accordingly, the heat transfer coefficient according 

to formula (12) is within α = 7.67–11.48W/(m2·K). 

The amount of heat ∆Q, W, which is perceived 

by the air flow from the surface of the infrared 

heater NL - 12R by convection: 

𝛥𝑄 = 𝛼(𝑡𝑖ℎ − 𝑡𝑎𝑖𝑟)𝑙𝑎             (14), 

where α – heat transfer coefficient from the surface 

of the device NL - 12R to the air flow, 

W/(m2·K);  

     tih and tair – temperature, respectively, the surface 

of the infrared heater and indoor air, °С.  

     l and а – respectively length and width of 

infrared heater NL - 12R, m.  

Given the numerical range of α, the amount of 

saved heat ∆Q is in the range of 20 - 30 W. 

Analysis of formula (12) shows that the amount 

of saved heat ∆Q is greater than the greater the heat 

transfer coefficient α. Formula (13) shows that this 

requires achieving a greater value of the Nusselt 

criterion Nu, which depends on the Reynolds 
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criterion Re (10). In turn, the Reynolds criterion Re 

depends on the current velocity vx flow around of the 

air flat decking jet of the infrared heater surface NL 

– 12R. To achieve the maximum effect, the current 

velocity vx should be as large as possible. Fig. 4 

indicates that the infrared heater NL - 12R should be 

installed as close as possible to the air distribution 

device. 

It is expedient to establish the dependence of the 

amount of saved heat ∆Q on the velocity of flat 

decking air flow vх. In a convenient tabular form 

(Table 1), these data are displayed by temperature tair 

= 20 °С. 

Since in formula (10) the number Re is under the 

sign of the root, in table 1 it is presented in even 

degree. 
 

Table 1. Dependence of the amount of saved heat ∆Q 

on the velocity of the flat decking air flow vх  
No vх, 

m/s 

Re Nu α, 

W/(m2K) 

∆Q, 

W 

1 2.0 7.2 104 160.0 7.67 20.7 

2 2.5 9.0 104 178.9 8.58 23.2 

3 3.0 10.8 104 196.0 9.40 25.4 

4 3.5 12.6 104 211.7 10.15 27.4 

5 4.0 14.3 104 225.6 10.82 29.2 

6 4.5 16.1 104 239.3 11.48 30.1 

 

For the convenience of further approximation, it 

is necessary to present this dependence in the form 

of a graph (fig. 7). The graph is approximated by the 

empirical formula (15), which is valid in the interval 

vх = 2.0 – 4.5 m/s: 

𝛥𝑄 = 7.541 + 7.833𝑣𝑥 − 0.627𝑣𝑥
2      (15). 

Formula (15) allows operating with arbitrary data 

of the current velocity vx on a continuous interval of 

2.0 - 4.5 m /s and obtaining satisfactory results for 

∆Q. 

Based on this, can be summarized that due to the 

saved heat ∆Q the actual initial temperature of the air 

jet t0R can be achieved slightly below the design 

temperature t0cl, namely the quantity ∆t = tоcl - t0R. 

Thus, it is possible to achieve savings ∆Q of heat 

load on the ventilation system Qv. Estimated heat 

performance of the ventilation system Qv, kW is 

determined by the formula (16): 

𝑄𝑣 = 𝜌𝑎𝐿𝑐(𝑡𝑎𝑖𝑟 − 𝑡0𝑐𝑙)             (16), 

where ρair – air density at the temperature tair, kg/m3;  

     L – productivity of ventilation system, m3/h; 

     с – specific isobaric heat capacity of air, 

kJ/(kg·K);  

     tair and t0cl – air temperature, respectively, in the 

premise and at the outlet of the nozzle (initial 

calculated), °С.  

The actual heat productivity of the ventilation 

system is obtained lower by the value ∆Q due to the 

decking of a flat air jet on the surface of the infrared 

heater NL – 12R and obtaining an additional 

convective component in the heat transfer process. 

 

 

Fig. 7. Graph of the dependence of the amount 

of saved heat ∆Q on the velocity of the flat 

decking air flow vх   

 

Taking into account the energy savings ∆Q, the 

actual heat productivity of the ventilation system 

QvR, W is obtained: 

𝑄𝑣𝑅 = 𝑄𝑣𝑐𝑙 − 𝛥𝑄 = 𝜌𝐿𝑐(𝑡𝑎𝑖𝑟 − 𝑡0𝑅)    (17) 

The heat balance equation (20) is valid if the 

heat flux qr (18), W/m2, given by radiation of 

infrared heater NL – 12R is taken into account and 

obtained the specific heat ∆q (19), W/m2 by flat 

compressed air jet due to convection in the process 

of decking it on the surface of the device NL – 12R: 

𝑞𝑟 = С0 ⋅ 𝜀𝑟 ⋅ [(
Тih

100
)

4

− (
Т𝑎𝑖𝑟

100
)

4

]               (18), 

𝛥𝑞 = 𝛼(𝑡𝑖ℎ − 𝑡𝑎𝑖𝑟)                       (19), 

С0 ⋅ 𝜀𝑟 ⋅ [(
Тih

100
)

4

− (
Т𝑎𝑖𝑟

100
)

4

] = 𝛼(𝑡𝑖ℎ − 𝑡𝑎𝑖𝑟)     (20). 

Solving the transcendental equation (20) with 

respect to the surface temperature tih of infrared 

heater NL - 12R and considering tih = Тih – 273, the 

result tih = °70 С is obtained. This temperature 

satisfactorily coincides with the passport data of the 

infrared heater NL - 12R and the results of 

experimental studies. 

If the share of energy savings take β = ∆Q/Qvcl, 

it is possible to obtain the actual heat output of the 

ventilation system from (21): 

𝑄𝑣𝑅 = (1 − 𝛽)𝑄𝑣𝑐𝑙                      (21). 

Taking into account formulas (16), (17) and (21) 

it is possible to obtain (22): 

𝑡𝑎𝑖𝑟 − 𝑡0𝑐𝑙 = (1 − 𝛽)(𝑡𝑎 − 𝑡0𝑅)           (22). 

Therefore, the dependence (23) was obtained to 

determine the actual initial temperature of the flat 

air jet: 

𝑡0𝑅 = (1 − 𝛽)𝑡0𝑐𝑙 + 𝛽𝑡𝑎𝑖𝑟             (23) 

The research results showed that taking into 

account formula (14) the value of the share of 

energy savings β is within 9% – 14% from the heat 

output of the ventilation system. 

Energy efficiency should be assessed by 

recovering the heat of the exhaust air. If the 
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productivity of the exhaust outlet is Le, then the heat 

output of the recuperator Qrec, kW is determined by 

the formula (16): 

𝑄𝑟𝑒𝑐 = 𝜌𝑒𝐿𝑒𝑐(𝑡𝑒 − 𝑡𝑎𝑖𝑟)                 (24) 

where ρe – air density at temperature te, kg/m3;  

     Le – productivity of an exhaust outlet, m3/h; 

     с – specific isobaric heat capacity of air, 

kJ/(kg·K);  

     te and tair – air temperature in the exhaust outlet 

and indoors, respectively, °С.  

The amount of heat recovery of the exhaust air 

removed by the exhaust outlet is 30 - 40 W, ie 15% 

– 20%. The total energy savings is 24% - 34%. 

Therefore, the expediency of using radiant 

heating with the use of infrared heaters NL – 12R 

and use in the system of ventilation of flat decking 

jets and heat recovery of exhaust air is obvious. 

Together, these measures will provide 

comfortable conditions in industrial and public 

premises and get savings in thermal energy in the 

amount 24% – 34%. 

The research results can be used in the design of 

energy-saving microclimate systems, namely, a 

radiant heating system using infrared heaters for 

industrial and public buildings and ventilation 

systems using flat decking jets and heat recovery of 

exhaust air. 

 

CONCLUSIONS 

 

1. Use of NL - 12R infrared heaters allows to design 

energy-saving radiant heating systems for 

industrial and public buildings, as it provides the 

regulatory temperature of indoor air. 

2. Use of NL - 12R infrared heaters in combination 

with air distribution of the ventilation system 

with flat decking jets is effective, as it allows to 

achieve savings in heat load of the ventilation 

system in the range of 11% - 19%. 

3. The amount of heat recovery of the exhaust air 

removed by the exhaust outlet is 30 - 40 W, ie 

15% - 20%. 

4. Saving the heat load of the ventilation system 

allows to reduce the actual initial temperature of 

the tidal flat decking air jet to the value t0R  = (1 - 

β) t0cl + β tair and achieve a total saving of thermal 

energy of 24% - 34%.  

 

DISCUSSION 

 

The research results of experimental and 

analytical determination of energy saving of heating 

and ventilation systems due to infrared heater with 

exhaust outlet and flat laying air jet application are 

presented. Since the experimental studies were 

conducted in stationary mode, the results for 

compressed flat laying air jets at alternating mode 

would be interesting. 
 

Author contributions: research concept and design, 

O.V., O.S.; Collection and/or assembly of data, N.S., 

O.Do.; Data analysis and interpretation, O.V., O.Da; 

Writing the article, N.S., O.Do., M.K., O.Da.; Critical 

revision of the article, O.S., M.K.; Final approval of the 

article, N.S. 

 

Declaration of competing interest: The authors declare 

that they have no known competing financial interests or 

personal relationships that could have appeared to 

influence the work reported in this paper. 

 

REFERENCES 

 
1. Adamski M. Longitudinal spiral recuperators in 

ventilation systems of healthy buildings. HB 2006 - 

Healthy Buildings: Creating a Healthy Indoor 

Environment for People. Proceedings 2006; 4: 341–

344. 

2. Adamski M. MathModelica in modeling of 

countercurrent heat exchangers. Proceedings - 8th 

EUROSIM Congress on Modelling and Simulation. 

2015: 439-442. 

https://doi.org/10.1109/EUROSIM.2013.81. 

3. Adamski M, Kiszkiel P. Condensation phenomena 

and frost problems in the air heat recuperators. 

MATEC Web of Conferences. 2014; 18: 01001. 

https://doi.org/10.1051/matecconf/20141801001. 

4. Basok B, Davydenko B, Farenuyk G, Goncharuk S. 

computational modeling of the temperature regime in 

a room with a two-panel radiator. Journal of 

Engineering Physics and Thermophysics. 2014; 

87(6): 1433–1437. https://doi.org/10.1007/s10891-

014-1147-5. 

5. Basok B, Davydenko B, Isaev S, Goncharuk S, 

Kuzhel’ L. numerical modeling of heat transfer 

through a triple-pane window. Journal of Engineering 

Physics and Thermophysics. 2016; 89(5):1277–1283. 

https://doi.org/10.1007/s10891-016-1492-7. 

6. Dorfman A, Davydenko B. Conjugate heat exchange 

for flows past elliptic cylinders. High Temperature. 

1980;18(2):275–280. 

7. Dudkiewicz E, Laska M, Fidorów-Kaprawy N. 

Users’ sensations in the context of energy efficiency 

maintenance in public utility buildings. Energies. 

2021;14(23):8159. 

https://doi.org/10.3390/en14238159. 

8. Dudkiewicz E, Szałański P. A review of heat 

recovery possibility in flue gases discharge system of 

gas radiant heaters. E3S Web of Conferences. 2019; 

116:00017. 

https://doi.org/10.1051/e3sconf/201911600017. 

9. Dudkiewicz E, Szałański P. Overview of exhaust gas 

heat recovery technologies for radiant heating 

systems in large halls. Thermal Science and 

Engineering Progress. 2020;18:100522. 

https://doi.org/10.1016/j.tsep.2020.100522. 

10. Hnativ R, Verbovskiy O. Distribution of local 

velocities in a circular pipe with accelerating fluid 

flow. Eastern-European Journal of Enterprise 

Technologies. 2019;2(7-98):58–63. 

https://doi.org/10.15587/1729-4061.2019.162330. 

11. Kapalo P, Klymenko H, Zhelykh V, Adamski M. 

Investigation of indoor air quality in the selected 

ukraine classroom - case study. Lecture Notes in Civil 

Engineering. 2020;47:168–173. 

https://doi.org/10.1007/978-3-030-27011-7_21. 

12. Kapalo P, Vilčeková S, Mečiarová L, Domnita F, 

Adamski M. Influence of indoor climate on 

employees in office buildings - A case study. 

https://www.scopus.com/authid/detail.uri?authorId=24074386000
https://www.scopus.com/record/display.uri?eid=2-s2.0-84871546496&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84871546496&origin=resultslist
https://www.scopus.com/sourceid/21100496110?origin=resultslist
https://www.scopus.com/sourceid/21100496110?origin=resultslist
https://www.scopus.com/sourceid/21100496110?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=24074386000
https://www.scopus.com/record/display.uri?eid=2-s2.0-84929590856&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84929590856&origin=resultslist
https://doi.org/10.1109/EUROSIM.2013.81
https://www.scopus.com/authid/detail.uri?authorId=56442644500
https://www.scopus.com/record/display.uri?eid=2-s2.0-84916625660&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84916625660&origin=resultslist
https://www.scopus.com/sourceid/21100316064?origin=resultslist
https://doi.org/10.1051/matecconf/20141801001
https://www.scopus.com/record/display.uri?eid=2-s2.0-84925506803&origin=resultslist&sort=cp-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-84925506803&origin=resultslist&sort=cp-f
https://www.scopus.com/sourceid/130097?origin=resultslist
https://www.scopus.com/sourceid/130097?origin=resultslist
https://doi.org/10.1007/s10891-014-1147-5
https://doi.org/10.1007/s10891-014-1147-5
https://www.scopus.com/record/display.uri?eid=2-s2.0-84992134121&origin=resultslist&sort=cp-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-84992134121&origin=resultslist&sort=cp-f
https://www.scopus.com/sourceid/130097?origin=resultslist
https://www.scopus.com/sourceid/130097?origin=resultslist
https://doi.org/10.1007/s10891-016-1492-7
https://www.scopus.com/record/display.uri?eid=2-s2.0-0018991909&origin=resultslist&sort=cp-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-0018991909&origin=resultslist&sort=cp-f
https://www.scopus.com/sourceid/13751?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=55520684600
https://doi.org/10.3390/en14238159
https://www.scopus.com/authid/detail.uri?authorId=57194472036
https://doi.org/10.1051/e3sconf/201911600017
https://www.scopus.com/authid/detail.uri?authorId=57194472036
https://doi.org/10.1016/j.tsep.2020.100522
https://www.scopus.com/authid/detail.uri?authorId=57201777976
https://www.scopus.com/authid/detail.uri?authorId=57211566441
https://doi.org/10.15587/1729-4061.2019.162330
https://doi.org/10.1007/978-3-030-27011-7_21
https://www.scopus.com/authid/detail.uri?authorId=24074386000
https://www.scopus.com/record/display.uri?eid=2-s2.0-85088663223&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85088663223&origin=resultslist


DIAGNOSTYKA, Vol. 23, No. 2 (2022)  

Voznyak O, Spodyniuk N, Savchenko O, Dovbush O, Kasynets M, Datsko O.: Analysis of premise infrared … 

 

9 

Sustainability. 2020;12(14):5569. 

https://doi.org/10.3390/su12145569. 

13. Kapalo P, Voznyak O, Yurkevych Yu, Myroniuk Kh, 

Sukholova I. Ensuring comfort microclimate in the 

classrooms under condition of the required air 

exchange. Eastern European Journal of Enterprise 

Technologies. 2018;5/10(95):6–14. 

https://doi.org/10.15587/1729-4061.2018.143945. 

14. Klymchuk A, Lozhechnikov, Mykhailenko V, 

Lozhechnikova N. Improved mathematical model of 

fluid level dynamics in a drum-type steam generator as 

a controlled object. Journal of Automation and 

Information Sciences. 2019;51(5):65–74. 

https://doi.org/10.1615/JAutomatInfScien.v51.i5.60. 

15. Lee Y, Kim Y. Analysis of indoor air pollutants and 

guidelines for space and physical activities in multi‐

purpose activity space of elementary schools. 

Energies. 2022;15(1):220. 

https://doi.org/10.3390/en15010220  

16. Lis A. The research on microclimate and thermal 

comfort in nursery school buildings. Archives of Civil 

Engineering. 2002;48(3):349 –371. 

17. Lis P, Lis A, Janik M. Aspects of the analytical heat 

consumption monitoring in local buildings' 

population. Rynek Energii 2012;102(5):67–75. 

18. Marushchak U, Sanytsky M, Pozniak O, Mazurak O. 

Peculiarities of nanomodified portland systems 

structure formation. Chemistry and Chemical 

Technology. 2019;13(4):510–517. 

https://doi.org/10.23939/chcht13.04.510. 

19. Mazurenko A, Denisova A, Balasanian G, Klimchuk 

A, Borisenko K. Improving the operation modes 

efficiency in heat pump systems of hot water supply 

with the two-stage heat accumulation. Eastern-

European Journal of Enterprise Technologies. 2017; 

1(8-85):27–33. https://doi.org/10.15587/1729-

4061.2017.92495. 

20. Mazurenko A, Klimchuk A, Yurkovsky S, Omeko R. 

Development of the scheme of combined heating 

system using seasonal storage of heat from solar 

plants. Eastern-European Journal of Enterprise 

Technologies. 2015;1(8):15–20. 

https://doi.org/10.15587/1729-4061.2015.36902. 

21. Myroniuk K, Voznyak O, Yurkevych Yu, Gulay B. 

Technical and economic efficiency after the boiler 

room renewal. Springer, Proceedings of CEE 2020, 

Advances in Resourse-saving Technologies and 

Materials in Civil and Environmental Engineering. 

2020;100:311–318. https://doi.org/10.1007/978-3-

030-57340-9_38. 

22. Novosad P, Pozniak O, Melnyk V, Braichenko S. 

Porous Thermal Insulation Materials on Organic and 

Mineral Fillers. Lecture Notes in Civil Engineering. 

2020;47:354–360. https://doi.org/10.1007/978-3-030-

27011-7_45. 

23. Pietrucha T. Ability to determine the quality of indoor 

air in classrooms without sensors. E3S Web of 

Conferences. 2017;17:00073. 

https://doi.org/10.1051/e3sconf/20171700073. 

24. Savchenko O, Voznyak O, Myroniuk K, Dovbush O. 

Thermal renewal of industrial buildings gas supply 

system. Lecture Notes in Civil Engineering. 

2021;100:385–392. https://doi.org/10.1007/978-3-

030-57340-9_47. 

25. Spodyniuk N., Gumen O., Ujma A. Zastosowanie 

energooszczednego systemu ogrzewania budynku 

fermy drobiu. Rynek Instalacyjny. 2018; (10): 32 – 36. 

26. Spodyniuk N, Zhelykh V, Dzeryn O. Combined 

Heating Systems of Premises For Breeding of Young 

Pigs And Poultry. FME Transactions. 2018; 46: 651-

657. https://doi.org/10.5937/fmet1804651S. 

27. Tymchuk I, Malovanyy M, Shkvirko O, Zhuk V, 

Masikevych A, Synelnikov S. Innovative creation 

technologies for the growth substrate based on the 

man-made waste - Perspective way for Ukraine to 

ensure biological reclamation of waste dumps and 

quarries. International Journal of Foresight and 

Innovation Policy. 2020;14(2-4):248–263.  

28. Ujma A, Lis A. Influence of transparent partitions on 

selected energy indicators of the building located in 

central Europe. Advanced Materials Research. 2014; 

1020:579–584. 

https://doi.org/10.4028/www.scientific.net/AMR.10

20.579. 

 

Received 2022-01-27 

Accepted 2022-05-04 
Available online 2022-05-05 

 

Orest VOZNYAK 

Received his MSc (1983) in 

Building, PhD (1990), DSc (2018) 

in Technical Sciences.  Currently, 

he is Professor in the Department 

of Heat and Gas Supply and 

Ventilation at Lviv Polytechnic 

National University, Ukraine. 
 

 
Nadiia SPODYNIUK 

Received her MSc (2007) in 

Building, PhD (2011). Thesis: 

Energy efficient Heating provision 

of the poultry houses. Currently, 

she is Lecturer in the Department 

of Heat and Power Engineering at 

National University of Life and 

Environmental Sciences of 

Ukraine. 

 

Olena SAVCHENKO 

Received her MSc (1999) in Heat 

and Gas Supply and Ventilation, 

PhD (2008). Thesis: Frictional 

heating of natural gas in the energy 

separator. Currently, she is 

Associate Professor in the 

Department of Heat and Gas 

Supply and Ventilation at Lviv 

Polytechnic National University, 

Ukraine. 

 

Oleksandr DOVBUSH 

Received his MSc (1984) in 

Building. Currently, he is Lecturer 

in the Department of Heat and Gas 

Supply and Ventilation at Lviv 

Polytechnic National University, 

Ukraine. 

 

 

 

 

https://www.scopus.com/sourceid/21100240100?origin=resultslist
https://doi.org/10.3390/su12145569
https://doi.org/10.15587/1729-4061.2018.143945
https://www.scopus.com/record/display.uri?eid=2-s2.0-85072163758&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85072163758&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85072163758&origin=resultslist
https://www.scopus.com/sourceid/25497?origin=resultslist
https://www.scopus.com/sourceid/25497?origin=resultslist
https://doi.org/10.1615/JAutomatInfScien.v51.i5.60
https://www.scopus.com/authid/detail.uri?authorId=57194582285
https://www.scopus.com/record/display.uri?eid=2-s2.0-85122041343&origin=resultslist&sort=cp-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85122041343&origin=resultslist&sort=cp-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85122041343&origin=resultslist&sort=cp-f
https://www.scopus.com/sourceid/62932?origin=resultslist
https://doi.org/10.3390/en15010220
https://www.scopus.com/record/display.uri?eid=2-s2.0-71249145669&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-71249145669&origin=resultslist
https://www.scopus.com/sourceid/14502?origin=resultslist
https://www.scopus.com/sourceid/14502?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=55520602900
https://www.scopus.com/sourceid/19700174650?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57211909426
https://www.scopus.com/record/display.uri?eid=2-s2.0-85075296768&origin=resultslist&sort=cp-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85075296768&origin=resultslist&sort=cp-f
https://www.scopus.com/sourceid/21100202725?origin=resultslist
https://www.scopus.com/sourceid/21100202725?origin=resultslist
https://doi.org/10.23939/chcht13.04.510
https://www.scopus.com/authid/detail.uri?authorId=57209316246
https://www.scopus.com/record/display.uri?eid=2-s2.0-85013628430&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85013628430&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85013628430&origin=resultslist
https://www.scopus.com/sourceid/21100450083?origin=resultslist
https://www.scopus.com/sourceid/21100450083?origin=resultslist
https://doi.org/10.15587/1729-4061.2017.92495
https://doi.org/10.15587/1729-4061.2017.92495
https://www.scopus.com/record/display.uri?eid=2-s2.0-84979967813&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84979967813&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84979967813&origin=resultslist
https://www.scopus.com/sourceid/21100450083?origin=resultslist
https://www.scopus.com/sourceid/21100450083?origin=resultslist
https://doi.org/10.15587/1729-4061.2015.36902
https://doi.org/10.1007/978-3-030-57340-9_38
https://doi.org/10.1007/978-3-030-57340-9_38
https://www.scopus.com/authid/detail.uri?authorId=57196151077
https://www.scopus.com/record/display.uri?eid=2-s2.0-85071365760&origin=resultslist&sort=cp-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85071365760&origin=resultslist&sort=cp-f
https://www.scopus.com/sourceid/21100889404?origin=resultslist
https://doi.org/10.1007/978-3-030-27011-7_45
https://doi.org/10.1007/978-3-030-27011-7_45
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=56986014400&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85020291966&origin=resultslist&sort=plf-f&cite=2-s2.0-85020259356&src=s&imp=t&sid=cedc17a3768bb6fae4e943a8d3381c72&sot=cite&sdt=a&sl=0&relpos=4&citeCnt=1&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85020291966&origin=resultslist&sort=plf-f&cite=2-s2.0-85020259356&src=s&imp=t&sid=cedc17a3768bb6fae4e943a8d3381c72&sot=cite&sdt=a&sl=0&relpos=4&citeCnt=1&searchTerm=
https://www.scopus.com/sourceid/21100795900?origin=resultslist
https://www.scopus.com/sourceid/21100795900?origin=resultslist
https://doi.org/10.1051/e3sconf/20171700073
https://www.scopus.com/authid/detail.uri?authorId=57205379370
https://www.scopus.com/record/display.uri?eid=2-s2.0-85090036969&origin=resultslist&sort=cp-f
https://www.scopus.com/record/display.uri?eid=2-s2.0-85090036969&origin=resultslist&sort=cp-f
https://www.scopus.com/sourceid/21100889404?origin=resultslist
https://doi.org/10.1007/978-3-030-57340-9_47
https://doi.org/10.1007/978-3-030-57340-9_47
https://doi.org/10.5937/fmet1804651S
https://www.scopus.com/record/display.uri?eid=2-s2.0-85096472002&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85096472002&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85096472002&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85096472002&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85096472002&origin=resultslist
https://www.scopus.com/sourceid/6800153107?origin=resultslist
https://www.scopus.com/sourceid/6800153107?origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84920836322&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84920836322&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84920836322&origin=resultslist
https://www.scopus.com/sourceid/4700151906?origin=resultslist
https://doi.org/10.4028/www.scientific.net/AMR.1020.579
https://doi.org/10.4028/www.scientific.net/AMR.1020.579


DIAGNOSTYKA, Vol. 23, No. 2 (2022)  

Voznyak O, Spodyniuk N, Savchenko O, Dovbush O, Kasynets M, Datsko O.: Analysis of premise infrared … 

 

10 

 

Mariana KASYNETS 

Received her MSc (2009) in 

Building, PhD (2013). Thesis: 

Improvement of solar panels 

of periodic action that are  

combined with a cover of 

buildings. Currently, she is 

Lecturer in the Department of 

Heat and Gas Supply and 

Ventilation at Lviv 

Polytechnic National 

University, Ukraine. 

 

Oleksandra DATSKO 

Received her MSc (1985) in 

Building, PhD (1994). Thesis: 

Improving the efficiency of solar 

heating systems by discrete 

orientation of solar collectors. 

Currently, she is Lecturer in the 

Department of Civil Safety at Lviv 

Polytechnic National University, 

Ukraine. 

 

 

 


