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Abstract

One of the main parameters that determine room climate is the internal temperature therein, which depends on
projected external construction of the building. So, first of all, the article analyzes the heat resistance of the external
construction of the building which is derived from thermal protection of the building, especially in the summer.
Thermal effect on the external construction of the building has been analyzed primarily from the point of impact of
solar radiation on the construction in the summer. Parameters that affect the thermal resistance of the external
construction of the building during the summer season have been investigated, namely the relationship between the
solar radiation absorption coefficient by the material of the external construction of the building and dependence of
the temperature fluctuations amplitude on the external construction of the building has been examined. The influence
of airflow in July, as an important parameter that affects the heat transfer coefficient of the outer surface of the
external construction of the building for summer conditions has been analyzed.

Keywords: solar radiation; external construction of the building; heat transfer coefficient; the amplitude of
temperature fluctuations; amount of heat.

1. Introduction

At the present stage of Ukraine development, the necessary task is to reduce energy costs because energy
efficiency of alternative fuels in Ukraine is a priority.

Progressive changes in society and nature are not possible without constant energy use. No human activity can be carried
out without the use of various forms of energy, which is why it is important to analyze heat loss and gain in the room.

2. Definition of the scientific problem

Compliance with the requirements for the buildings us based on the principle of alternative design of the external
construction of the building. An important parameter that determines the microclimate of the premises is the room
temperature which depends on the projected external construction of the building, external conditions and the
presence of heat and gas supply in the building.

However, the room temperature under the influence of solar radiation on the external construction of the building
can be increased, and its value will not match the comfortable conditions of the room, especially this could happen in
the summer.

3. Analysis of key publications and research

The intensity of the solar energy reaching the Earth's surface is variable in nature during the day, month, year.
Based on meteorological data[1], it has been determined that the average total density of solar energy in January in
Ukraine is descending from south to north, changing within 90-60 W/m?, while the summer is characterized by small
changes in solar radiation (change within 313-316 W/m?) [2].

Analysis of the impact of solar radiation on the amplitude of fluctuations in the external construction of the
building is bsed on determining the attenuation of the estimated fluctuations amplitude of conventional (total)
ambient temperature in the external construction of the building [3].
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4. The aim of the article

The aim of this research was to analyze basic dependencies that affect the heat protection of the room in the
summer season, including analysis of parameters that influence the amplitude of fluctuations in temperature on the
inner surface of the external construction of the building and the amount of heat that the outer surface gives to the
inner air in the premises.

5. Presentation and discussion of the research results

To determine the maximum amount of heat that gives the inner external construction surface gives to the room,
the following equation is applied (1):
Gmax = @ - ATz, WM, (1)

where aB — heat transfer coefficient of the inner surface of the external construction, W/(m2-°C); At — the amplitude

of the inner external construction surface fluctuations, °C.

The value of the amplitude of fluctuations in temperature on the inner surfaceof the external construction is
determined by the equation (2):
4 tcalc

Ar, =—2 2
v

where Atgalc — the calculated amplitude fluctuations of conventional (total) ambient temperature, that is the

amplitude of daily fluctuations in ambient temperature with regard to solar radiation; v — the value of the calculated

outside air temperature amplitude attenuation At?“l ¢, °C.

The heat transfer coefficient of the outer surface of the ecternal construction for summer conditions is defined by
the equation (3) [4]
a, =1.16-v , W/(m*°C) 3)
where v — the lowest of the average wind speeds for the points of the compass in July the frequency of which is 16%
or more, but not less than 1 m/sec.
The shell of the building consisting of homogeneous layers successively placed is accepted:

e lime-sand plaster 6=0.015 m, A=0.93 W/(m-°C);
e brick 0.38 m, 2=0.64 W/(m-°C);
»  polystyrene plates =0.115 m, A=0.055 W/(m-°C);

e cement-sand plaster 3=0.015 m, 2=0.81 W/(m-°C).

Given the change in the lowest average wind speeds for the points of the compass in July, it is advisable to
analyze the dependence of the heat transfer coefficient of the outer surface of the external construction on the airflow
for summer conditions d,, W/(m*°C).

The results of analytical studies are presented in Fig. 1.

a 40
39
W/(m*°C)

35

30

Fig. 1. Dependence of the outer
15 surface heat transfer ¢,
on the speed of air flow v

v, m/sec



Heat Stability in Exterior Walls in the Summer 11

From additional literature, we found out that the absorption coefficient of solar radiation by material of the outer
surface p varies for construction materials from 0.3 to 0.9 [5].
Intervals of factors variation are presented in Table 1.

Table 1. Levels of factors and varying intervals

Levels of factors
Factor Code Ax;
-1 +1
p X; 0.3 0.9 0.3
Araa X 50 850 400

Results of analytical calculations of dependancies of the amplitude of fluctuations in temperature on the inner
surface of the esternal construction Az, on the amplitude of solar radiation 4,,, and the absorption coefficient of solar
radiation by the material of the external construction p are presented in Table 2.

Table 2. Results of analytical calculations

P Araa Az,
0.3 100 0.13
0.3 500 0.19
0.3 900 0.24
0.9 100 0.16
0.9 500 0.33
0.9 900 0.50

Based on the data from Table 2 graphic dependancies of the amplitude of oscillation of the inner surface of the
external construction on the amplitude of fluctuations of the solar radiation and the absorption coefficient of solar
radiation by the material of the external construction have been built.
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Based on Fig. 2, we have received formula of dependancy of the amplitude of temperature fluctuations on the
inner surface Az, on the coefficient of absorption of solar radiation by the external construction material p and
amplitude fluctuations of solar radiation 4, (4):

3.9583
107

2.0833

Aty =0.1151+0.0014-p — Ayug —0.0013-p% +0.0005-p- 4, +—10~Amd2, °C “)
10

where Az, — amplitude of temperature fluctuations of the inner surface of the external construction, °C; p — absorption

coefficient of solar radiation by the external construction material; 4,,; - amplitude of solar radiation fluctuations, °C.

6. Conclusions

A result of analysis of the impact of thermal resistance parameters of the external construction during the
summer, it wasfound that the rate of absorption of solar radiation by the external construction material has significant
impact on the amplitude of the oscillations of the inner surface of the external construction with the simultaneous
growth of 4,,,. Including changes in p from 0.3 to 0.6 causes the changes in Az, by 0.025 with the amplitude of solar
radiation fluctuations A4,,;, = 50 °C, but with the increase in A4,,, from 50 to 850 °C Az, will change by 0.2. So
absorbing property of the surface of the external construction for solar radiation will affect the calculated temperature
of the outdoor air and the maximum amount of heat transferred to the internal air through the external construction for
higher values 4,,,.
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TemnocTiMKICTh 30BHIINIHBOT0 OrOPOAKEHHS Y JIITHIN mepiox poky

Bacunb XKenux, Crenan [lanosan, Mukona I'encenpkuii, [puna Benrpun

Hayionanvnuii ynieepcumem “Jlvgiecoxa nonimexuixa”, eyn. C. banoepu 12, m. Jlvsis, 79013, Yrpaina

AHoTauis

OpHUM 13 OCHOBHHX ITapaMeTpiB, 10 BU3HAYAE MIKPOKIIMAT IPUMIIIEHHSI, € BHYTPILIHS TeMIlepaTypa y HbOMY,
sKa 3aJieKaTh BiJl 3alpPOEKTOBAHOTO 30BHIIIHHOIO 3axuileHHs. ToMy HacamIepea y CTaTTi NpOaHai30BaHO
TEIUIOCTIMKICTh 3aXUIICHHS, SKa € TOXITHOI BiJ TEIUIO3axXUCTy OymiBIi, 30KpeMa B JiTHIH mepiox. Termiore
HA/XO/DKEHHS Ha 30BHIIIHE OTOPOKEHHS IMPOAHaIi30BaHO IEPEBaXKHO 3 TOYKHM BIUIMBY COHSYHOI pajiamii Ha
KOHCTPYKIIifO B JITHIN yac. J{ociaiKeHo mapaMeTpH, sKi BIUTMBAIOTh HAa TEIUIOCTIHKICTh 3aXHUINCHHS B JIITHIH Mepiox
POKY, a caMe: PO3IJITHYTO B3a€MO3B’s130K Koe(illi€HTa MOTVIMHAHHSA COHSYHOI pajialii MarepiajJoM 30BHIITHHOTO
3aXMIICHHS ¥ 3aJeKHOCTI AaMIUNTyOd KOJNHMBAaHHA TEMIEpaTypu Ha BHYTPILIHIA ITOBEPXHI 3aXHIIEHHS.
[IpoanainizoBaHO BIUIMB HIBHJKOCTI IOBITPSIHOTO IMOTOKY B JIMITHI SIK Ba)KJIMBOI'O Mapamerpa, IO BIUIMBAE Ha
Koe(illiEHT TEeMyIoBiAnayi 30BHIIIHBOT IIOBEPXHI 3aXHUIIEHHS IJIS JITHIX YMOB.

Karo4oBi cioBa: coHsiuHa pafialiis; 30BHILIHE 3aXHUIICHHS; KOS(Ili€HT TEIUIOBinAaYi; aMIUNTyAa KOJHMBaHHS
TEMIIEpaTypH; KiIbKICTh TETUIOTH.



