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ON THE DEPENDENCE OF THE TEMPERATURE
INTENSITY OF HEAT TRANSFER IN MULTILAYER
ENCLOSURE STRUCTURES IN THE CONDITIONS OF
NORTHERN KAZAKHSTAN

The article presents studies on the intensity of the influence of
temperature on the heat transfer inside the cement sandwich panel,
taking into account the intensity of the influence of temperatures in the
ranges of positive and negative values when determining the temperature
distribution curve inside Protective construction for climatic conditions
in Northern Kazakhstan. Three-layer cement sandwich wall panels, which
contain basalt wool and foam polystyrene materials as insulation layer,
are considered. The research was carried out using the computer program
«Comsol Multiphysics» using the method of finite elements. The study of
temperature change kinetics according to the thickness of the structures
of two types of cement sandwich panels with the aim of revealing sharp
temperature changes affecting the processes of material destruction. It has
been shown that the temperature influence during the transmission of the
heat flow under both decreasing and increasing temperature conditions
flows under softer conditions during the passage of the heat flow through
a structure comprising basalt wool as an insulating agent.

Keywords: temperature, heat transfer, intensity of action, enclosing
structure, insulation.

Introduction
The tendency of rapid construction under conditions of shortening of its
term requires conditions of use of lightweight constructions containing both load-
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bearing layers and layers of thermal insulation. In this development direction,
multilayer fencing structures of full factory readiness are undoubtedly the most
rational and acceptable solution for introduction into the practice of industrial
and civil construction. The internal layer of such structures is usually effective
thermal insulation materials, the performance of which depends on many factors,
including the temperature factor.

Materials and methods

The thermal insulation capacity of the material is traditionally determined
by temperature, humidity and material structure. This dependency is functionally
represented by:

A= (T.W_ P, Paor, I, Stewect....2.) (1)

However, conditions of intensity of the temperature drop or rise in the presented
dependency are not present. At the same time, the temperature intensity conditions
determine the conditions of the heat transfer process in the structure and the
operational reliability of its operation under different modes of operation. Methods
of numerical simulation of heat transfer are the best solution for optimization of
heat insulation in the construction layer Northern Kazakhstan is located in a harsh
continental climate, with [1] the temperature of the coldest five-day period in average
0f 0.98, the region has an average temperature of —37 °C and the absolute maximum
temperature during the warm period of the year can reach 40 °C.

To date, increasing popularity as multilayer lightweight enclosure
constructions receive sandwich panels due to the high properties of heat insulation,
fire resistance, moisture resistance, ease and ability to create designs of various
configurations. In the studies [2 — 5], it has been proved that the use of sandwich-
panels meets all requirements for the development of construction production in
the direction of creating energy-efficient and economical construction.

However, sandwich panels have a number of significant operational
disadvantages that are directly related to the effect of temperature drops that affect
the heat transfer disrupted by the formation of intermediate bridges of cold, due
to sandwich bunching - construction and formation of destructive cracks and
joints [6 — 10].

The materials used in these studies are those used as layers in cement
sandwich panels. The temperature exposure study took into account the thermal
characteristics presented in Table 1.
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Table 1 — Characteristics of sandwich layers — panels

Material Heat transfer Heat capacity Density
[W/mK] [kI/kg K] [kg /m’]

Continuous basalt fibre 0,04 1,04 120 - 140

Foam polystyrene 0,042 1,28 0,25

Concrete 150 (two layers; internal | 1,49 0,08 2100

and external)

Mortar bed (two layers; internal | 0,93 0,075 1800

and external)

ccording to the climatic conditions of North Kazakhstan, the required heat
transfer resistance is determined in accordance with [9] and should be conditional
Ro cond not to be more than 1 m2 K/W. At the same time, according to [1]
the average calculated indoor air temperature is tin = 21°C, the maximum air
temperature during the warm period text= 40° C and the maximum temperature
during the cold period text =—37° C

Taking into account the influence of solar radiation factors, the heat transfer
coefficient on the internal and external surface will be equal to a1= 4.8 W/m2 K
and o2=25 W/m2 K, respectively.

The studies used cement sandwich panels, which have an outer layer made of
concrete 150. The compression resistance of such concrete is not more than 1.4 MPa.

The required heat transfer resistance for such a design is determined by:

R=L 1R + L1 )
al a2

R, - the thermal resistance of the sandwich panel, in which taking account
the thermal resistance of all composite layers.
In the Northern Kazakhstan:

e, LU L L S

14 Ld9 08 L4% 4E

=

= W' KW —r=0L07

Thus, the heat transfer resistance of the three-layer panel will meet the norm
at an inner layer thickness of at least 0.11 m. At the same time, the most optimal
sandwich panel size will be: 1200 x 6000 x 200.

Results and discussions

The following tasks can be accomplished by assessing the feasibility of using
such panels with a given thermal resistance coefficient:
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to compare the different types of insulation used in cement sandwich panels;
to analyze the possibilities of using such cement sandwich panels in various

enclosing structures (wall panel, roof ceiling, basement ceiling, etc.);

to analyze the possibility of using cement sandwich panels as thermally
insulated roof structures.

Research on the proposed analysis was carried out with the help of the computer
program «Comsol Multiphysics», Module «Heat transfer», when determining the
optimal thickness of the layers in accordance with the technical characteristics offered
for the layers of materials in the cement sandwich panel, used as a wall.

The simulation was carried out using the heat exchange equation in a
multilayer concrete structure in the environment «Heat transfer in porous media»
taking into account the physical model «Surface to radiation» in the climatic
conditions of Northern Kazakhstan, taking into account the standard temperatures
on the inside and outside surfaces of the sandwich structure:

L o3 - 3)
The experiment involved decisions on the structure of the cement sandwich
panels, KS — 1 and KS — 2 represented in table 2.

Table 2— Solutions for the structure of cement sandwiches — panels KS — 1 and
KS-2

Cement structure sandwich panels Details of cement structure sandwich
panels
1.Wall panel KS — 1 1)Continuous basalt fibre (Compo-

nent 1) thickness 0,07 m;

I ; ] 2) Concrete 150 (Component 2)

| thickness 0,05 m;
3) Mortar bed (Component 3)

thickness 0,02 m.
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2. Wall panel KS — 2 1) Foam polystyrene (Component 1)
] 2 thickness 0,07 m;
=P Co VNV 0 0 0, 2) Concrete 150 (Component 2)
thickness 0,03 m;

radalaledadelaadnlntsl 3) Mortar bed (Component 3) thick-
ness 0,02 m.

The results of the studies are presented in figures 1 and 2

Figure 1 — Temperature kinetics inside KS-1 (in the left) and KS-2
(in the right) in the warm season

Figure 1 — Temperature kinetics inside KS-1
(in the left) and KS-2 (in the right) in the cold season

Conclusions

Studies have shown positive results of the using represented structures in
the climatic conditions of northern Kazakhstan, taking into account the intensity
of the temperature influence both in the cold and in the warm period of the year.
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However, the use of cement sandwich panels with insulation continuous basalt
fibre will be more acceptable because the temperature curve in the wall thickness
is less inclined, which means less temperature abrupt due to the absence of
temperature changes and, according to the development of temperature gradients
that cause the emergence of gradients of pressure and subsequently micro and
macro degradation of materials.
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COJITYCTIK KABAKCTAH KAFJIAMJIAPBIHJIA KOII
KABATTBI KOPIIAY KOHCTPYKHUSAJTAPBIH/IA KBLTY
BEPYI'E TEMIIEPATYPAJIBIK OCEP KAPKbBIH/IbIJIBIFBIHBIH
TOYEJIAUIIIT TYPAJIBI MOCEJIET'E

Maxkanaoa Cormycmix KazaxcmanHvly KIUMAMMblK, Hca20aiiiapol
YWlin Kopuiay KOHCMPYKYUSICLIHBIY [WiH0e2] meMnepamypansiy mapaiy
KUCbI2bIH AHBIKMAY Ke3IHOe OH JCOHe mepic MOHOep OUana3oHOapbIHOA2bl
memnepamypa d9Cepiniy KapKblHObLIbIZbIH ecKepe OMblpblN, YeMeHm
COHOBUY — NAHENIHIH [uiHOe2l JCbLTy bepyee meMnepamypanbly ocep emy
KAPKbIHObLIbIZbL OOUBIHULA 3ePIMMEVIep YCIHbLIZAH. YL Kabammul yemenm
Kabwip2aiblk CIHOSUY NAHEIbOepl YCbIHbLIAObL, 01APObl KypPaAMbIHOA
okwaynay xabamol peminoe 0a3aibm JHCyHI MeH NOIUCMUPOL KOOIK
Mmamepuanoapel bap. 3epmmeyiep coHebl diemenmmep S0iCiH KOIOAHY
kesinde «Comsol Multiphysicsy xomnvromepiix 6a20apramacoiHbiy
KoMmeeimeHn dcyp2izindi. Mamepuanodeiy Oy3viny npoyecmepine acep
ememin memnepamypansly KeHemmeH 032epyiH aHbIKMAay MAaKCcamviHOd
KOHCIMPYKYUAIAPbL €Ki IYPJti YeMEHM COHOBUY-NAHETbOEPIHIH KATbIHObISbIHA
bainanvicmul memMnepamypanviy 032epy KUHEMUKACbIH 3epmmey.
Temnepamypanvly memenoeyi Hemece JHcO2apblIaybl Hca20atiblHOAebl
JHCHLLY A2bIHLIHBIY Oepinyi Ke3inoe memMnepamypanvlK ocep emy JHCbLLy
AZLIHBIHBIY, JICLLLY OKWAYIA2bIW Mamepual peminde bazaibm JdcyHi bap
KOHCMPYKYUsL APKbLIbL OMKEH Ke30e, JHCYMCAK dHeaz0atliapoa jHeypeminoiel
KepcemiceH.

Kinmmi cesoep: memnepamypa, dicwiny 6epy, ocep emy KapKbIHObLIbIEbL,
KOPWAy Kypblablmbl, OKULAYIAY.
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Pecny6ninka Kasaxcra, r. AcTaHa,
Marepuan noctynui B pefakuuto 15.12.22.

K BOITPOCY O 3ABUCUMOCTHU HTHTEHCUBHOCTHU
TEMIEPATYPHOI'O BO3JEMCTBUS HA TEILIOIEPEJAYY
B MHOT'OCJIOMHBIX OTI'PAXKJIAIOIINX KOHCTPYKIIASAX B

YCJIOBUAX CEBEPHOI'O KASAXCTAHA

B cmamve npedcmasnenvl uccred0osanus no UHMeHCUBHOCMU
6030€licmauUst memMnepamypsvl Ha Menjionepeoayy GHympu yemeHmHo
COHOBUY — NAHENU C YHEMOM UHMEHCUBHOCMU 8030€lICNEUSL MEMNEPAMmYp
6 OUANA30HAX NOJONCUMEIbHBIX U OMPUYAMETbHBIX 3HAYEHUL Npu
onpeodenienuu Kpugol pacnpeoeiieniist memMnepantypbl 6Hympu 02panicoaiowell
KOHCcmpyKyuu 015 kiumamuyeckux ycarosuii Cegeprozo Kasaxcmana. Ha
paccmompenue npeoiazaomcs mpexciolHvle YyeMeHmHble CMeHosbie
CIHOBUY — NAHEU, COOEPACALUE 8 KAUECEE CILOSL YMENTUMENS MANEPUATbL
u3z 6a3anbmogoll amul u neHonoaucmuponad. HMcciedosanus nposedeHul
¢ nomowvio komnviomepnou npozpammul «Comsol Multiphysics» npu
UCNONb308ANUU MEMOOd KOHEUHbIX deMenmos. Hcciedoeanue KUHemuKuy
UBMEHeHUsl MeMNepamypbl 8 3a8UCUMOCIU O MOJWUHBI KOHCIMPYKYUTL
08YX U008 YEMEHMHBIX CIHOBUY-NAHETE C YeNbl0 BbIAGIEHUSL PE3KUX
nepenaoog memnepamypwvl, GAUSIOWUX HA NPOYECCbl PA3PYULeHUs
mamepuana. T[loxazano, umo memnepamypHoe 8030eticmaue npu nepedase
MenIn8020 NOMOKA 8 YCIOBUAX KAK NOHUINCEHUS, MAK U NOBbIUEHUS
memnepamypsl npomexaem 6 0ojee MASKUX YCA08UIX NPU NPOXOHCOCHUU
MeNnI08020 NOMOKA Hepe3 KOHCMPYKYUIO, cOOepIcayyto 6a3aibmosyio
samy 6 Kavecmee meniou30aYUoOHHO20 MAmepuad.

Kniouegvie cnosa: memnepamypa, menionepeoaya, UnmeHCUGHOCHb
6030€LiCMBUsL, 02PANCOATOWASL KOHCIPYKYUSL, YINENTUMENb.
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