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COMPARATIVE ANALYSIS OF TEMPERATURE CONDITIONS OF 

ROOMS IN THE PRESENCE AND ABSENCE OF SOLAR RADIATION 
 

Summary. The article presents the results of a comparative analysis of the 

temperature conditions of office premises that meet the solution of heat transfer 

problems in the presence and absence of solar radiation, and establishes the 

effects of its influence on the heat state of the premises. It is shown that in the 

presence of solar radiation the air picture and the nature of the temperature fields 

in the room change noticeably. In particular, under these conditions, the increase 

in the average temperature of the room for the studied period is 2.5 ºС. It is noted 

that there is a possibility of some reduction in the load on the heating system in 

the presence of solar radiation. 

Key words: heat state of the room; mathematical modeling, solar radiation, 

energy saving. 

 

Introduction. Much attention is paid to the study of the heatl state of 

premises using different energy sources [1-15]. The inexhaustibility and 

environmental cleanliness of renewable energy sources make them promising for 

wide implementation in various applications (see, for example, [1]). Among 

renewable energy sources, solar energy deserves special attention, the use of 

which is rapidly developing [1; 2; 10]. 

Important areas of solar energy use include space heating and hot water 

supply. The results of relevant studies are covered in a large number of works. 

However, most of them were performed using simplified mathematical models 

that provide only an approximate idea of the formation of the microclimate in 

premises under the influence of solar radiation. 

The performed analysis of literary sources shows that studies of the 

influence of solar radiation on the air-temperature regime of premises using 

modern refined models of flow and radiative-convective heat transfer are relevant. 
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At the same time, studies of the effects of solar radiation on the formation of the 

microclimate in premises in the winter period of the year with an increased load 

of heating systems are of particular interest. 

Research results. In order to study the influence of solar radiation on the 

formation of the premise microclimate, the authors performed computational 

studies of the air-thermal state in the absence and presence of solar radiation. As 

an example, we consider the air-temperature regime of a room with two windows 

and two radiators installed under the windows. The height of the room is 3 m; 

length 5.6 m; width 6.3 m. The thickness of the external concrete wall is 0.24 m. 

The internal walls, floor and ceiling are also made of concrete. The thickness of 

the internal walls is 0.12 m. The windows in the room are single-chamber. The 

glass thickness is 3 mm. The distance between the glass sheets is 60 mm. The area 

of the panel radiators is 0.5 m2. The width of each panel is 10 mm. The distance 

between the panels is 100 mm. We consider the case when the temperature of the 

radiator panels is tr = 40 °C. The outside air temperature is ten = 10 °C. On the side 

of the external air environment, the heat transfer coefficient value 

αen =23 W/(m2 K) is set according to the recommendations in [16]. In the absence 

of solar radiation, the temperature regime of such a room was studied in [17]. In 

the presence of solar radiation, it is considered that it enters the room through the 

window and hits the section of the wall and part of the floor opposite the window. 

The air-thermal state of the room is described by a system of equations including 

the Navier-Stokes, continuity and energy equations. To close the system of 

turbulent transfer equations, the k-e turbulence model was used. When solving the 

problem under consideration, the following boundary conditions and conjugation 

conditions were set. 

The following boundary conditions were assumed on the surfaces of the 

walls of the room 

. 00;0;0; ==== kuuu zyx
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The condition k=0 on a solid surface is accepted, taking into account that 

the kinetic energy of turbulence is specified as a half-sum of the squares of the 

turbulent velocity pulsations. In the nodes closest to the surface, the energy 

dissipation is determined from the expression , where  

, Δn is the distance from the grid node closest to the surface to the surface itself; 

k » 0.4 is the Karman constant. 

On the surface of the outer wall and window from the side of the 

environment, boundary conditions of the third kind are specified: 

−𝜆!
"#
"$
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where n is the external normal to the surface. 

At the boundary between the window glass and the air gap, the conjugation 

conditions are set, that is, the boundary conditions of the fourth kind, taking into 

account the radiant heat exchange between the glass surfaces: 
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The density of the radiant heat flux qsur, transferred from a surface with 

temperature Tw1 to a surface with temperature Tw1, is calculated according to the 

Stefan-Boltzmann law: 
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On the internal surfaces of the window and internal surfaces of the walls, 

conditions of the fourth kind are also set taking into account the radiant 

component of the heat flow.  

qrad: 

−𝜆9'
"#
"$
= −𝜆()*

"#
"$
+ 𝑞п

. 

 −𝜆!"
#$
#%
= −𝜆&'(

#$
#%
− )!

"
#$
* "
#%&

+,
∫ %&$%&,--

'
.
− & $$

,--
'
.
( /0123$'($4⋅/0123%&'(%4

6()
𝑑𝐹(7. 

n
kC
3/2

D Δ
ε

×
=

k
'
μD /CC 0,08»



International Scientific Journal “Internauka” https://doi.org/10.25313/2520-2057-2024-9 

International Scientific Journal “Internauka” https://doi.org/10.25313/2520-2057-2024-9 

The surface temperature of the radiator Т = Тr is assumed to be given and 

constant. 

The calculation domain includes the internal volume of the room, limited 

by the walls. Only half of the side walls, ceiling and floor belong to the calculation 

domain. The second halves of the side walls are considered to belong to adjacent 

rooms. It is assumed that the temperature regime in adjacent rooms is the same as 

in the room under consideration. Taking this into account, the conditions of 

thermal symmetry, i.e. adiabatic , are set on the outer boundaries of the 

internal walls (as well as floors and ceilings). The control volume method was 

used to solve the problem under consideration. 

Solar radiation passing through the window enters the lower section of the 

wall opposite the window and the floor adjacent to this wall. Accordingly, the 

boundary conditions on these sections of the wall and floor are set taking into 

account the density of the heat flux from solar radiation. qsol  
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The results of calculating the velocity and temperature fields in the room in 

the absence of solar radiation are presented in Fig. 1. The data are given for the 

vertical section C-C, parallel to the outer wall of the room, located at a distance 

of 1.6 m from the inner surface of the outer wall. 

 
Fig. 1. Fields of air velocity vectors and temperature in vertical section С-С for trd = 40 

ºС; ten = -10 ºС in the absence of solar radiation 
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The results of the calculation studies obtained in the presence of solar 

radiation are shown in Fig. 2. These data refer to cloudless weather conditions on 

December 22 in Kyiv. The angle of the Sun's altitude, i.e. the angle between the 

horizon and the beam to the Sun, is at 12:00 in Kyiv g = 0.28 radians, and the 

maximum density of solar radiation qsol = 393 W/m2 (in the complete absence of 

clouds and dust in the atmosphere). The direction of this flow coincides with the 

direction from the window cut to the Sun, i.e. is parallel to the beam, which forms 

an angle of qsol = 0.28 radians with the Earth's surface.  

Over time, the angle g changes, and the density of solar energy flows falling 

on the wall and floor changes accordingly. In addition, the sky may be partially 

covered with clouds. Taking this into account, to calculate the effect of solar 

radiation on the temperature state of the room, it is assumed that in the interval 

from 11-00 to 13-00 the average time density of the heat flow from the Sun is 

somewhat less than the value given above. According to estimates, it is qsol ~300 

Вт/м2. The density of the heat flow falling on the floor is qsol,z= qsol ×sin(g), and 

on the wall opposite the window – qsol,y= qsol ×cos(g). The results of calculating 

the velocity and temperature fields in the room under the condition of exposure to 

solar radiation are presented in Fig. 2. 

 
Fig. 2. Fields of air velocity vectors and temperature in vertical section С-С for trd = 40 

оС; ten = –10 оС in the presence of heat input from solar radiation 
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Comparison of air temperature distribution in Fig. 1, 2 shows that under 

these conditions solar radiation leads to an increase in air temperature by 

approximately 2.0 °C. Consequently, in the presence of solar radiation, it is 

possible to slightly reduce the temperature of the coolant in the heating device 

while maintaining the microclimate conditions in the room.  

Conclusion. Based on the results of a comparative analysis of the air-

thermal states of premises that meet the solution of transfer problems in the 

presence and absence of solar radiation, the effects of its influence on the air flow 

structure and the temperature regime of the premises were established. It was 

shown that in the presence of solar radiation, the air flow pattern changes 

noticeably; this primarily concerns the zone adjacent to the inner wall of the room 

opposite the window, 

Legend 

a – coefficient of thermal diffusivity of air; F – area; g – acceleration of 

gravity; k – kinetic energy of turbulence; n – external normal to the surface; p – 

pressure; r – distance between a point on the wall surface and a point on the 

radiator surface; q – heat flux density; T – temperature, K; t – temperature, oC; ux; 

uy; uz – projections of the velocity vector on the coordinate axes. 

Greek symbols 

α – heat transfer coefficient; ε – rate of dissipation of kinetic energy of 

turbulence; εw; εр – emissivity of surfaces, the values of which are taken equal to 

0.8; λ – coefficient of thermal conductivity; ν – kinetic coefficient of molecular 

viscosity; ρ – density of outside air; τ – time; yw-nw – angle between the radius 

vector drawn from a point on the wall surface to a point on the radiator surface 

and the normal to the wall surface; yp-nr– angle between the radius vector drawn 

from a point on the radiator surface to a point on the wall surface and the normal 

to the radiator surface 

Subscripts 
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t – turbulent, en – external environment; ef- effective, rad - radiant; air – 

air; rd – radiator; wl – wall; gl – glass; sol – solar; ∞ – environment; 
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