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Abstract. Solved the relevant problem of studying the non-stationary temperature field along
the thickness of a multilayer external wall panel of a residential building with daily fluctua-
tions in ambient temperature in the winter period.
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Introduction. In winter, the problem of heating residential buildings and storing heat in
them becomes relevant. The main problem is taking into account the daily change in ambient
temperature, which requires non-stationary calculations of the temperature field of enclosing
structures that have a multilayer structure. The study of the non-stationary temperature field
and heat fluxes of multilayer wall panels of buildings will allow for the correct design of the
geometric parameters of the layers of their external wall panels and the optimal selection of
insulation materials. This direction is dedicated to the study of the problem of energy conser-
vation — a relevant problem of modern times in Ukraine.

Analysis of recent research and publications. Residential, cultural, administrative and
industrial buildings are large consumers of thermal energy. According to experts, up to 50%
of energy consumed can be saved annually in the stock of residential and non-residential
buildings through energy-saving measures. Considering the fact that heat loss through build-
ing envelopes accounts for up to 80% of all total heat losses [3], thermal calculation of build-
ing envelopes becomes relevant.

Calculating the temperature field in the enclosing parts of buildings is also relevant for
the implementation of many factors, including:

— enerqy efficiency: thermal calculation allows you to determine the geometric parame-
ters of enclosing structures and optimally select thermal insulation material, which leads to
minimizing heat loss and, as a result, reducing heating costs;

— preventing destruction: the calculated temperature field prevents the formation of
condensation and mold in the rooms, which can lead to the gradual destruction of structures;

— endurance: extending the endurance of building structures is possible by taking into
account the heat resistance and strength of their materials, which is based on the calculation of
the thermal field of enclosing structures;
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— thermal protection and accordance with building codes: thermal calculation ensures
accordance_of enclosing structures with the requirements of modern building codes and regu-
lations in terms of thermal protection and safety;

— comfort: maintaining optimal indoor temperatures without sudden changes is critically
important for creating comfortable living or working conditions for people.

In work [4], a study of heat flows and an analysis of heat losses of opaque external en-
closures of heated premises was conducted, taking into account various methods for assessing
the heat-shielding properties of external walls: without taking into account heat-conducting
inclusions (external walls in the heat engineering calculation are a homogeneous opaque en-
closure); taking into account heat-conducting inclusions according to the standards in force in
Ukraine and according to the European standard, as well as instrumental determination of the
characteristics of thermal protection. It has been shown that taking into account heat-
conducting inclusions, even for a building without complex structural solutions for enclo-
sures, leads to an increase in heat loss of up to 14%, which may change the energy efficiency
class of the building.

In paper [5], a simplified discrete analogue, presented in a dimensionless form, was de-
veloped for the numerical solution of unsteady heat transfer problems. This was achieved by
using a one-dimensional initial model. The use of such a model is sufficient for solving most
practically important problems. The stability of numerical calculations at large time discreti-
zation steps and high accuracy of calculations on extremely small computational grids are
shown.

The article [6] is devoted to the study of unsteady heat conduction in a solid wall and
contains mathematical modeling of asymmetric heating and cooling of the wall due to imper-
fect heat transfer from both sides. The method used to obtain an analytical solution in a long-
time process is presented. The solution method allows to obtain the temperature distribution
in the heated (cooled) wall using the Laplace transform. Its validity is verified by numerical
calculation using the COMSOL Multiphysics software. In the example that was tested, the
maximum difference between the analytical and numerical solutions was about 3.5%, taking
into account the possible maximum and minimum temperatures in the wall under given condi-
tions.

The thermal response of a building's envelope has a significant impact on the overall
comfort conditions in the room, as well as on the energy efficiency of buildings. Most Central
and Northern European countries focus mainly on optimizing the efficiency of buildings dur-
ing the heating season. However, future projections show the potential for a significant in-
crease in cooling demand due to building overheating. In this context, the focus of the
paper [7] was on assessing the transient performance of different facade walls (light and
heavy building systems) during typical Central European summer conditions. In addition to
the influence of wall composition, the effects of orientation and high-intensity passive cooling
on thermal response were also investigated. The results showed significant differences in the
thermal behavior of east-, south-, and west-facing walls.
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Thus, the review of recent studies shows that, despite the significant influence of many
factors on the thermal state of building structures, the issue of conducting non-stationary
thermal calculation of a multilayer enclosing structure remains relevant, especially in the win-
ter period.

The purpose of the study: to investigate the non-stationary distribution of the tempera-
ture field along the thickness of a four-layer wall panel of a residential building depending on
the daily change in ambient temperature in the winter period.

Presentation of the main material of the study. Calculated cases of the location of
building materials in the layers of the wall panel and their coefficients of thermal conductivity
are presented in the table 1.

Table 1
The location of building materials in the layers of the wall panel

and their thermal conductivity coefficients A, kcal/(m-h - grad)

Wall panel layers

Material Concrete inner | Cement fibro- | Mineral wool | Concrete outer

of a layer textured layer lite plate textured layer
Layer thick- 80 20 55 40

ness, mm

Number 1 5 3 4

of a layer

A,
kcal 1,400 0,130 0,060 1,400

m-h -grad

The scheme of the arrangement of layers in a multilayer wall panel in relation to the in-
terior and the environment is shown in Fig. 1.

Fig. 2 shows a graph of the temperature of a four-layer wall panel each layer depending
on time, taking into account changes in ambient air temperature.

The non-stationary calculation of the temperature field in a four-layer flat wall, illustrat-
ed by the lines in Fig. 2, was obtained using the methodology that described in [3].

Analysis of the graph in Fig. 2 shows that lines 3-4 and 4 have a noticeable effect of de-
creasing ambient temperature (the lines have a clearly expressed temperature minimum).
Lines 1-2 and 2-3 almost do not contain such minima, which indicates sufficient thermal insu-
lation properties of layer 3 — mineral wool plate. The line 1, which models the temperature on
the inner surface of a residential building, has an almost rectilinear shape and proves that
comfortable temperature conditions inside the building by this model of the arrangement of
layers in the wall panel are ensured.
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Figure 1 - Scheme of a multilayer external wall panel:
1 — concrete inner textured layer; 2 — cement fibrolite;
3 — mineral wool plate; 4 — concrete outer textured layer
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Figure 2 - Distribution of the temperature field along the thickness
of a four-layer external wall panel depending on the ambient air temperature:
air in room — indoor air; 1 —the inner surface of a wall indoors;
1-2, 2-3, 3-4 — contact surfaces of layers 1 and 2, 2 and 3, 3 and 4
respectively; 4 — outer surface of the outer layer; air out — ambient air
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Analysis of calculations shows that the effect of low ambient air temperature on the
temperature inside the room when it passes through a multilayer enclosing building structure
can be reduced by one or both of two methods:

— firstly, by increasing the thickness of the thermal insulation layer;

— secondly, by choosing a thermal insulation material with the lowest possible thermal
conductivity coefficient.

The presented results were tested at the 20th and 21st International Conferences “Man
and Space” [1-2].

Conclusions. In the course of the task, the following types of work were carried out and
the following conclusions were obtained:

1) the problem of heat saving and the need to use thermal insulation coatings are con-
sidered,;

2) the methodology and basic principles of conducting non-stationary thermal calcula-
tions of a multilayer flat wall were studied;

3) non-stationary calculations of temperatures through a four-layer flat wall taking into
account the daily change in ambient temperature in the winter period were carried out;

4) a graph of the temperature through thickness of the multilayer wall depending on
time has been constructed, which allows determining the geometric parameters of each layer
of the multilayer external flat wall of a residential building and optimally selecting the type of
thermal insulation material;

5) ways to reduce the impact of daily fluctuations in air temperature in winter on indoor

temperature are proposed.
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Hocnidicenna necmauionapHo2o noaa memnepamypu 3a mosuiUHoI0 0azamowaposeoi
308HIUHBLOI CMIHOBOT nanei HeUmno8o20 0YOUHKY 6 3UMOBUIL NEPioo

Ha cyuacnomy emani po3eumxy enepeemuku, 6 yMo8ax eHepeemudHoi Kpusu Ha nepuiuil
NIaH 8UXOOUMb PO3POOKA MaA BNPOBAOIHCEHHS eHep2030epiealouux mexHoa02iu, AKi 3MeHuLy-
10Mb CHOMCUBAHHA eHEeP2OHOCIB, ZHUNCYIOUU, MUM CAMUM, WKIONUBI 8UKUOU 8 ammocgepy.
OOHUM 3i WNAXIE BMINEHHA 8 HCUMMS YbO2O HANPAMKY € MeNnni030epertcents — KOMNIEKC 3a-
X00i8, CNPAMOBAHUX HA 3MEHUIEHHs 6Mpam menaa 3 npumilyeHsb, wo eede 00 3HUNCEHHS GU-
mpam Ha onanenus ma niosuwye komgpopm. Tennosa peakyis 020poOAHCYB8ATLHUX KOHCIPYK-
yiti 6y0ieni mae Cymmesuii 6N1U8 Ha HOPMYBAHHS 3A2ATILHUX YMO8 KOMGDOPMY 6 NpumMinjetHi,
a makodic Ha eHepeemuuny eghexmusHicms 6yoigens. OcobIUBO AKMYATbHUM CMAE NUMAHHA
npu 6e1uKoMy nepenadi memnepamyp no8imps 6cepeouti NpUMIWeHHs. ma 6 HABKOIUUHbOMY
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cepedosuyi 306Hi, moomo 6 3umosutl nepiod. OOnum 3i wWLIAXI6 Po38 a3anHs Yyiei npodiemu
cmae eubip mamepianié ma 2eoMempudHUxX napamempis npoulapkie 6azamouaposux 02opo-
021CYBANILHUX CMIHOBUX NaHenel npumiwenb. Poboma npuceauena 00CniodHcenHio necmayio-
HAPHOMY PO3NOOINY NOJSL MEMNEPAmypu 3a MoSWUHOIO YOMUPULUAPOBOT 306HIUHbOT 020pO-
02ICYBANBLHOT CMIHOBOI NAHeNi HCUMN08020 OYOUHKY 8 3UMOBULL Nepiod npu 000080M) KOIU-
BAHHI MemMnepamypu Ha8KOIUUHbO20 NOBIMPsL GIO —5°C 00 —25°C. B sixocmi mamepianie wa-
pie cmino6oi nameni 00Cai0NCeHO: bemonHHUl GHYMPIWHIN hakmypruil wap, ¢ioponim yeme-
HMHUU, MIHepAl08aAmMHA NAUMA, A MAKOXC OemOHHUU 3068HIWHIL pakmypHull wap. Memorio
pobomu € 8U3HAYEHHS BNAUEY 000068020 KONUBAHH MEMNEpamypu noGimps 308HiUHbO2O Ce-
peoosuwa Ha po3noodil memMnepamyp wapie Yomupumaposoi cminogoi naneni. B npoyeci eu-
KOHAHHS NOCMABNeHoi 3a0adi Oy10 Npo8edeHo HeCcmayioHapHi pPO3PAXYHKU meMnepamyp
Kpi3b 4OMUpUmaposy niocKy CminKy 3 ypaxye8auHsam 000080i 3MiHU memMnepamypu HasKou-
WHBbO2O cepedosuwa y 3UMOBUll Nepiod; NOOYO0BAHO 2paiK 3anedcHOCmi memnepamypu 3a
MOBWUHOIO0 6A2amouapoeoi CMinKu 6i0 4acy, wo 0036015€ BUSHAYUMU 2e0OMemPUYHI napa-
Mempu KOAHCHO20 wapy 6a2amouaposoi 308HiUHbOI NIOCKOI CMIHKU JHCUMI08020 OYOUHKY Ma
ONMUMANLHO NIJIOpamu PizHOBUO MENJOI30AAYIUHO20 Mamepiany, 3anponoHO8AHO ULIAXU
3MEeHWeHHs 6nau8y 000068020 KOIUBAHHS MeMNepamypu no8imps HABKOIUUHBbO20 CepedosU-
wa 6 3uMosull nepiod Ha memnepamypy 8cepeouti NPUMIWeHHs. NPU NPOXOOHCEHHI 1020 KPi3b
bazamowiapogy 020po0oxHcy8aivbHy 6y0igebHY KOHCMPYKYIIO.
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