«CucremHi TexHomnorii» 1 (150) 2024 «System technologies»
DOI 10.34185/1562-9945-1-150-2024-12
UDC 536.212: 699.059

0.V. Kravets, K.V. Makhonina
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INSULATION LAYER ON THE HEAT FLOW THROUGH A MULTI-LAYER
EXTERNAL WALL PANEL OF A RESIDENTIAL BUILDING

Abstract. Solved the actual problem of heat flow research through a multi layer external wall
panel of a residential building, depending on the material and thickness of the heat insulating
layer.
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Introduction. Taking into account the limited non-renewable organic energy
resources on Earth, as well as the insufficient power of renewable energy sources,
the issues of energy conservation, in general, and heat preservation in residential
premises, in particular, become actual. Heat losses in the room can be significantly
reduced thanks to properly selected heat-insulating materials and the optimal thick-
ness of the corresponding layer of the multilayer external wall panel. This direction
of research contributes to solving the problem of energy saving, which is urgent for
Ukraine, one of the most important directions of technical policy in the field of con-
struction.

Analysis of recent research and publications. Industrial and residential
buildings must meet certain requirements, the main of which include: durability, re-
liability and economy. At the same time, the fulfillment of thermo- and physical
laws is of great importance when studying the influence of the environment on the
microclimate inside the room and vice versa when there is a wide use of new build-
ing materials and technologies. External enclosing wall panels affect heat flows that
are lost by the house in the cold period of the year and enter the premises in the
spring and summer period. At the same time, a thermal calculation is carried out, in
the process of which the temperature field and heat flows are calculated, after which
the thermal insulation condition of the enclosing structures is evaluated, that is, the
heat absorption of the room is determined.
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In [3], a one-dimensional numerical model was developed that characterizes
the coupled heat exchange between a three-layer wall and a closed cavity. This mod-
el is applied to study the passive control and stability of the indoor air temperature
of a closed cavity that can simulate a living space. The exposed wall consists of a
phase-changing material enclosed in a rectangular container and framed with insu-
lating and building material. Numerical analysis was carried out using an implicit
finite-difference scheme. Numerical simulations were performed with three types of
phase-changing material. The results showed that for indoor air temperature stabil-
ity and control, the choice of phase change material is based on its melting point,
which is preferably chosen close to the thermal comfort temperature and with signif-
icant latent heat. The authors assure that the presented calculation algorithm can be
extended to the multilayer wall and the porous layer of the multilayer wall and used
to determine the optimal position and thickness of the layer of the phase-changing
material.

Daily characteristics of air temperature near the surface and the surface energy
balance of building massifs under different environmental conditions are studied
in [5]. Direct solar radiation, wall height, and wall orientation are important factors
that affect diurnal variations in wall surface temperature. Two types of buildings
were studied: the "hollow" model means hollow concrete buildings and the "water"
model, whose walls are partially filled with water. In the course of research, it was
found that the water model has a smaller average daily temperature range in the
room than the hollow model due to heat accumulation. This study can provide ex-
perimental data to validate numerical and theoretical models for research on the in-
fluence of climatic conditions on the thermal quality of building structures.

Ecological buildings and ecological projects require architectural designers to
improve existing basic building codes and regulations in order to improve the overall
energy efficiency of the building, optimize the ventilation of the building, minimize
the environmental impact during the life cycle and create a comfortable living envi-
ronment.

The work [4] presents a study of the influence of the geometric dimensions of
the room on air ventilation in it, taking into account the heat exchange between the
human body and the environment. Solar effects were taken into account only on the
roof of the building. The results showed that the presented technique can help in
ventilation design and reasonably predict the ventilation flow. The method devel-
oped in this study can be extended to design and analyze other types of natural ven-

tilation in buildings.
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Composite-aluminum honeycomb panel is a reliable construction heat-
insulating material; its advantages: a small value of the coefficient of thermal con-
ductivity, low weight and high plasticity. This material can be used as insulation for
brick and panel buildings in order to create light, high-strength and heat-insulating
external walls. However, the application of composite aluminum honeycomb panels
in practice is still not well researched because it is difficult to determine the optimal
core size and number of layers with the best structural organization and the least
heat transfer.

In the article [6], three main mechanisms of heat transfer are systematically
analyzed for a composite-aluminum honeycomb panel: thermal conduction, thermal
convection, and thermal radiation. The influence of the geometric dimensions of the
cell, including its height and wall thickness, on the process of heat transfer in sta-
tionary conditions was investigated by experimental methods.

With the help of the ANSYS software, taking into account the experimental da-
ta, a liquid-solid heat transfer model was created for the composite-aluminum hon-
eycomb plate in order to simulate the steady-state heat transfer characteristics of
single-layer and multi-layer composite sheets. As a result of the comparison, it was
found that the values of the effective thermal conductivity of the composite-
aluminum cellular panel under different boundary conditions and different geomet-
ric parameters are basically consistent with the experimental data.

Thus, the review of the latest research shows that, despite the diversity of re-
search on the thermal efficiency of the external walls of buildings, the issue of
choosing the material for the thermal insulation layer of multilayer wall panels and
their geometric dimensions remains actual.

The purpose of the study: to determine the dependence of the amount of heat
flow through a four-layer wall panel of a residential building on the material and
thickness of the heat-insulating layer.

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

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

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

Wall panel layers
. Concrete in- Thermal in- |Concrete out-
Material Cement fibro- .
ner textured . sulation lay- | er textured
of a layer lite
layer er layer
Layer thick- 55, 70, 90,
80 70 40
ness, mm 110, 200
Number
a layer
. Y 1 2 3 4
Calculation
case numb
mineral wool
1 plates
0,060
peat insula-
2 tion plates
0,055
building
3 felt
0,050
1,400 0,130 1,400
urea-
formaldehyde
foam
4 )
plastic
(mipora)
0,045
polystyrene
5 foam
0,040

The scheme of the arrangement of layers in a multilayer wall panel in rela-

tion to the interior and the environment is shown in Figure 1.
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Figure 1 - Scheme of a multilayer external wall panel:
1 — concrete inner textured layer; 2 — cement fibrolite;
3 — thermal insulation layer; 4 — concrete outer textured layer

Figure 2 shows a graph of the heat flow through a four-layer wall panel for
five cases of a thermal insulation layer.
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Figure 2 - Heat flow through a four-layer wall panel depending on the material and
thickness of the heat-insulating layer:
1 — mineral wool plates; 2 — peat insulation plates; 3 — building felt;
4 - urea-formaldehyde foam plastic (mipora); 5 — polystyrene foam
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The value of the heat flow Q of the curves in Figure 2 was obtained using the
method described in [2].

Analysis of the curves in Figure 2 shows that reducing the heat flow through a
multilayer external wall panel can be done in two ways:

— first, by increasing the thickness of the heat-insulating layer (at the same
time, the optimal option is considered when the tangent to the curve in Figure 2 is
almost horizontal at the selected thickness value);

- second, by choosing a heat-insulating material with the lowest possible coef-
ficient of thermal conductivity. Among the listed materials is polystyrene foam.

The presented results at the XX International Conferences "Human and Space”
[1] were tested.

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 preservation and the need to use heat-protective coat-
ings were considered;

2) the methodology and basic principles of conducting thermal calculations of a
multilayer flat wall were studied;

3) stationary calculations of temperatures and heat flows through a four-layer
flat wall using five types of heat-insulating materials were carried out;

4) graphs of the dependence of temperature and heat flow (given in the work)
on the thickness of the multilayer wall, which allows to optimally choose a heat-
protective coating and determine the thickness of the heat-insulating layer of the
multilayer outer flat wall of a residential building were constructed;

5) ways of reducing the heat flow through a multilayer flat external wall panel

of a residential building are proposed.
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Bnnue mamepiany ma moswiuHu menjoi3onayitiHo2o npowapky Ha menioeuti

nomik Kpi3e 6azamouiaposy 3068HilllHI0 CMiHO8Y NAHE/Ib HCUIMJI08020 OYOUHKY
Bpaxosytoyu obmexeHicmbs Ha 3emsi HeBIOHOBHUX OP2aHTYHUX eHepeopecypcCis, a MaKoX
HeooCmamHio NomyxHicms BIOHOBHUX eHep200Xepes, aKmyaabHUMU CMaiome NUMAHHA Npo
eHepa030epeeHHs, 83a2aJ, 1 30epexeHHs mensia y )XumJsaosux npumilyeHHsx, 30kpema. Cymme
B0 3MEHWUMU Menjosi BMpamu y NpUMILieHHT MOXHA 3aB0SKU NPaBUIbHO NidibpaHum mensoi
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30/14iliHUM Mamepianam ma onmumasbHili MoBUWUHU BIONOBIOHO20 NPOWAPKY 6azamowaposoi
30BHIWHbOI cMiHOBOT naxeni. [aHuli HanpamMok 00CNIOXeHb CNPUSE BUPTLIEHHIO AKMYyabHOT 011
YKpaiHu npobnemu eHepzo3bepexeHHs, 00HOMY 3 HAUBAXAUBILIUX HANPAMIB MexHIYHOI noaimu

Ku 8 2any3i Oyo0iBHUYMBA. AHAI3 OCMAHHIX 00CTIOMeHb 1 NyOiKayili c8I0YUMb, WO 8 HANPAMKY
eHepeo3bepexeHHs byoisesb NPOBOOAMbLCA Pi3HOMAHIMHI OOC/NIOXeHHS, a came: menioobMiH
MDX MPUWApoBo CMIHKOK MA 3aMKHEHOK0 NOPOXHUHOK, AKA MOOEIOE NPUMILYEHHS,; 3MIHA NO

JIf memnepamypu nosimpa nobau3y nosepxHi ma nosepxHesull eHepeemuy4Huli 6anaHc 6ydige

JIbHUX MACUBIB 3 PI3HUX YMOB HABKOJUWHLO20 cepedosulya,; 00CNIOKeHHA BNnausy 2eomempuy

HUX pO3MIpiB NPUMILEHHS HQ BEHMUJAYII0 NOBIMPS B HbOMY 3 YPAXYBAHHAM Mena006MiHy MiX
minom OUHU Ma HABKOUWHIM cepedoBuuiem,; BNUB HA Npouyec menjonepedayqi ceomempuy

HUX pO3MIpi8 KOMNO3UMHO G/IOMIHIEBOT CMIiNbHUKOBOT naHeni. Ane, 8paxosyloyu pi3HOMAHim

HICMb Mennoi30AAYiliHUX Mamepianis, 3aUWAMbCA AKMYaabHUMU NUMAHHA Nno ix subopy ma
BU3HAYEHHIO 2e0MempPUYHUX PO3MIPIB NPOLWIAPKIB MenioBoi 130Ayii 6a2amowaposux 308HILLIHIX
CMIHOBUX 020p00XeHb. Memoto 0aHoi pobomu € BCMAHOBACHHS 3ANeXHOCMT BeNUYUHU MenJsio

8020 NOMOKY Kpi3b 4OMUPULWIAPOBY CMIHOBY NAHENb XUma08020 OyOUHKY Bi0 Mamepiany ma
mOoBWUHU Menoi30aayiliHo20 npowapky. B pobomi po3anaHymo npobnemy 36epexeHHs menaa
ma HeobXiOHICMb 3aCMOCYBAHHS Meno3axucHUX NOKpummis; nposedeHo CMAyioHapHi po3pa

XYHKU memnepamyp ma menJiogux NOMOKIB Kpi3b 6a2amowaposy Nnaocky CMiHKY 3 BUKOPUC

MAHHAM n'asmu pi3HosudiB mensoi3onayiliHux mamepianis; nobyoosaHo epadiku 3anexHocmel
mensi08020 NOMOKy 810 MoBWUHU 6a2amowaposoi CMiHKU, Wo 003B80JIS€E ONMUMAIbHO Ni0i6

pamu mensio3axucHe NOKpUMMA ma BU3HAYUMU MOBWUHY Mennoi3onayiliHoeo wapy 6azamo

WapoBsoi 308HIWHLOT NIOCKOT CMIHKU XUMJI08020 6YOUHKY; 3GNPONOHOBAHO WAXU 3MEHIWEHHS
menJsi08020 NOMOKY Kpi3b 6azamowiaposy NAOCKY 30BHIWHIO CMIHOBY NAHEb KUMJ0B020
OYOUHKY.
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