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The problem of reducing energy costs for heating is urgent and needs an immediate solution.

Forthis, it is necessary to conduct a wide audit of the heat-insulating properties of buildings.
The existing method is based on the experimentally determined indoor and outdoor air
temperatures, the temperature of the inner and outer surfaces of the structure and the heat flow
through it. Such measurements require a lot of time, complex devices and are not very accurate.

The purpose of the work is to develop and test in practice a method of assessing the thermal
insulation property of the outer walls of buildings in natural operating conditions, which would
not require the measurement of the heat flow through the wall and would significantly simplify
the measurement process.

The method we used is based on the fact that the thermal resistance of the wall and the heat
transfer resistance of its inner surface are connected in series. As a result, the temperature
t, —

. LT,
the heat transfer resistance of the wall, R is the heat transfer resistance of lts inner surface, t,
andt  are the temperatures of the air in the room and outside, T t .18 the inner surface temperature
of thé'wall. This ratio can be used to determine the effectivenesS of thermal protection of the wall.
For the experimental verification of the proposed method, we conducted a study of heat transfer
through the outer wall of a building with walls made of expanded clay concrete panels with two
types of thermal insulation.

The results show that the additional thermal insulation of the walls significantly changes
the ratio of the heat transfer resistance to the heat transfer resistance of the inner surface.
Experiments and calculations proved the correctness of the application of the method
of determining the effectiveness of thermal protection of the outer walls of buildings based
on the determination of the ratio of the temperature difference in the room and the outside to
the temperature difference in the room and on the inner surface of the wall.
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Isawmuna IO. K., 3asooannuic B. B. Cnocié ouinku menno3axuchoi eiacmueocmi
306HIWHIX cmin Oyodigens

IIpobnema 3menwienHsa enepeo3ampam Ha ONANeHHs € aKmyalbHolO | Nompedye He2auHo2o
BUPIUECHHAL.

s yvboeo HeobXiOHO nposecmu WUPOKULL AYOUm Menio3axucHux Gnacmueocmell cnopyo.
Ienyrouuit memoo, 6aszyemvcsi HA OCHOGI GUSHAYEHUX eKCNEPUMEHMAILHO MEeMNepamyp nosi-
mps 6 npumivjenni i 306Hi, meMnepanypu 6HympiwHboi i 306HiUHbOI NOGEPXOHb KOHCMPYKYIT
i menno6o2o nomoky uepes nei. Taxi sumipiosants nompedyioms 6azamo 4acy, CKNaOHUx npuia-
016 i He GIOPI3HAIOMBCS BUCOKOIO MOUHICTIO.

Mema pobomu — pospobumu i nepegipumu Ha RPAKMUYI MEMOOUKY OYIHKU MENL03aXUCHOT
611ACMUBOCMIT 306HIWUHIX CMiIH OYJisenb 8 NPUPOOHUX eKCHIYamayitiHux YMo8ax, sika 6 He nompeoy-
6410 BUMIPIOBAHHS MENI0B020 NOMOKY Hepe3 CMIHY | CYmmeo ChpoCcmuaad 6 npoyec GUMIpIOSaHHsI.
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Memoouxka, AKy Mu GUKOPUCMANU, OCHOBYEMbCA HA MOMY, WO MENnI08ull onip cminu i onip

mennogiooaui it 6HympiuHb0i noeepxHi 3’ €OHaHi nociiooeHo. Bracniook yvoeo piznuys mem-

" R, 1t -1, . .

nepamyp Ha 6KaA3aHUX Oonopax NPoNnopyYiuHa onopam — = ﬁ de R, onip mennonepedadi

6

cminu, R, onip mennogiooaui it BHYMPIWHBOT NOBEPXHI, 1} lt memnepamypa nogimps 6 RPUMi-

wjenHi i 306HiWHA t ., memnepamypa enympiunbol noeepxm Ceminu. Brasane sionowenns mooice

oymu eukopucmaHuM OISl GUHAYEHHS ePEKMUGHOCIIE MENI06020 3axucmy cminu. /s excnepu-

MenmanbHoi nepesipKu 3anponoHo6anol MemoOuKu HAMU NPOBOOUNOCS OOCTIONCEHHs Menione-

peoaui uepe3 308HIWHIO CMIHY OYOUHKY 3I CMIHKAMU I3 Naxeiel 3 Kepam3umooemouny 3 0soma
BUOAMU MENTOB020 YMENTEeHHS.

Pesynomamu ceiouams, ujo 000amkosa meniosa i3onayis CmiH Cymmeeo 3MiHIE 6i0HOULeHHS
onopy menionepedaui 00 onopy meniogiooaui éHympiuHboi nosepxui. Excnepumenmu i pospa-
XYHKU 006enu KOPeKMHICMb 3aCMOCY8AHHA MEMOOUKU GUIHAUEHHS e(heKMUGHOCMI MeNnn106020
3aXUCHY 306HIUHIX CMIH 0Y0i8elb HA OCHOBL BUSHAYEHHS GIOHOWLEHHS PIZHUYL memMnepamyp
6 NpUMIWeHHI I 306HIUHbOI 00 PI3HUYT MeMnepamyp 6 KIMHAMI i Ha GHYMPIWHIT NOBEPXHI CIMIHU.

Knrouogi cnosa: mennoizonayiini enacmusocmi, onip menyionepeoavi, menioed i301ayisl.

Introduction. One of the most important problems facing society today is energy
conservation. This is due to both the limitation of hydrocarbon reserves and the pol-
lution of the atmosphere associated with the production and consumption of energy.
Most of the energy resources in our country are used for heating domestic and industrial
premises, therefore the problem of reducing energy consumption for heating is urgent
and requires an immediate solution.

To solve this problem, it is necessary to carry out mass reconstruction of existing
buildings in order to improve the thermal insulation properties of the enclosing struc-
tures. For this, it is necessary to conduct a wide audit of the heat-insulating properties
of buildings. The existing method, which is applied to existing structures, consists in
determining the heat transfer resistance of enclosing structures, which is calculated on
the basis of experimentally determined indoor and outdoor air temperatures, the tem-
perature of the inner and outer surfaces of the structure, and the heat flow through it.
Such measurements require a lot of time, complex devices and are not very accurate.

The aim of research is to develop and test in practice a method of assessing the ther-
mal insulation property of the outer walls of buildings in natural operating conditions,
which would not require the measurement of the heat flow through the wall and would
significantly simplify the measurement process.

The main part. Heat transfer through a flat wall is of important practical impor-
tance and is described in detail in [1]. As a rule, the material of the wall, its thickness,
heat transfer coefficients of the outer and inner surfaces of the wall are specified. With
stationary heat transfer, the density of the heat flow passing through the wall, the wall
layers of the surrounding medium, and the outer and inner surfaces of the wall are equal.
From this it follows that the thermal resistances of the heat transfer of the inner and
outer surfaces of the wall and the resistance of the wall itself are connected in series.

According to standards [2], the heat transfer resistance of the walls of buildings is
equal to R

ROZRiJrRoutJ’_Rr ’ ( 1 )

Where R, i R, are the resistance of the heat transfer of the inner and outer surfaces
of the wall, R is thermal resistance of the structure (wall).
Heat transfer resistance of the inner surface of the wall
t —1 1 1
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where t, and 1, are the temperatures in the room and the inner surface of the
wall, o the coefficient of heat transfer of the inner surface of the wall, o, i, are the
coefficients of convective and radiant heat exchange of the inner surface of the wall.
Similarly, R_ is determined:
R=Sb o1 3)
q oa; o, ta,

Where a, is the heat transfer coefficient of the outer surface of the wall, T, i, are
the temperatures of the outer surface of the wall and the outside air.
Thermal resistance of a wall that has several layers of different materials

81'
R =2 % “
where A, i, are the coefficients of thermal conductivity and the thickness of the
i-th layer of the wall. The heat transfer coefficients of the inner and outer surfaces are
determined by building regulations [4].

There are a number of methods of experimental determination of heat transfer
resistance of enclosing structures. The samples are measured in laboratory conditions
according to [5]. In natural conditions — according to [2]. In these methods, the heat flow
through the structure and the temperature of its inner and outer surfaces are measured,
which requires special devices and considerable time. There is not always access to the
outer surface of the wall.

When designing buildings, the heat transfer resistance of walls and other enclosing
structures is calculated according to [2—4] using expressions (1)—(4). The disadvantages
of using this method to determine the heat transfer resistance of existing buildings are
that it is not always possible to determine the material and thickness of the layers of the
structure, in the process of operation there is a gradual degradation of the operational
characteristics of the enclosing structures and a change in the thermal conductivity coef-
ficients of the materials [6].

For conducting a mass thermal audit of existing buildings for the purpose of their
reconstruction, the specified methods for determining the heat transfer resistance can
have only limited application due to their complexity and considerable labor intensity.

The method we used is based on the fact that the thermal resistance of the wall and
the heat transfer resistance of its inner surface (the resistance of the wall layer of air)
are connected in series, and the same heat flow q passes through them. As a result, the
temperature difference at the indicated resistances is proportional to the resistances

:tk — T :tk_t3

R R,

6

)

where R s the heat transfer resistance of the inner surface of the wall, ¢, iz, re the
temperatures of the air in the room and outside, T, the inner surface temperature of the
wall. It follows from (5).
& — L4
Rt -,

6

(6)

The ratio of the heat transfer resistance of the wall R, to the heat transfer resistance
of its inner surface R, is equal to the ratio of the temperature difference in the room
and the outside, to the temperature difference on the inner wall layer of air, which is the
essence of the patent [7]. Since R, is determined according to the standards according
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to formula (2), where the heat transfer coefficient of the inner surface o, = 8,732—m
[4], the heat transfer resistance will be proportional to R, and the ratio of the temﬂgera-
ture difference. Thus, the ratio of temperature differences in (6) is proportional to the
heat transfer resistance of the wall and can be used to determine the effectiveness of
thermal protection of the wall. For this, it is necessary to determine only the temperature
in the room and outside, which is quite simple, and the inner surface temperature T . It
can be determined using a thermocouple or an infrared pyrometer.

Since the heat transfer coefficient of the surface depends on the movement of
air layers, for measurements it is necessary to choose sections of the wall where
there are no curtains, furniture and other objects that could change the nature of air
movement in the wall layer, and, accordingly, the coefficient a,. Will differ from
that determined by building regulations. The error in determining the heat transfer
resistance of the wall according to the method [2] is less than 15%, provided that
the temperature difference between the wall surfaces is greater than 33°C. Since our
proposed methodology does not measure the heat flow L of the outer surface tem-
perature the wall, the error in determining the effectiveness of the thermal protection
of the walls will be determined by the error of the heat transfer coefficienta; and the
error in measuring the indoor#, and outdoor temperatures, as well as the difference
between and the inner surface ¢, of the wall. According to our calculations, the rel-
ative error in determining the ratio of resistances (6), i.e., the efficiency of thermal
protection of the walls, will not exceed 5% when using a graduated thermocouple
and appropriate devices.

In order to experimentally verify the proposed method of assessing the thermal insu-
lation property, we conducted a study of heat transfer through the outer wall of a nine-
story building with walls made of expanded clay concrete panels. In order to identify the
effect of thermal insulation on the thermal insulation property of the wall, apartments
were selected that are in the same conditions (facing one outer wall of the building).
In addition, the wallpaper in the rooms was of the same type. The air temperature was
determined using a mercury thermometer with a division value of 0.2°C, the tempera-
ture difference between the air in the room and the inner surface of the wall — using a
differential copper-constantan thermocouple. The error in determining this temperature
difference was 4.4%. Measurements were carried out in rooms without insulation, with
insulation of the inner surface of the wall with rolled polystyrene foam 5 mm thick and
polystyrene foam plates 5 cm thick glued to the outer surface.

The results of the study are shown in Table 1. The ratio of the heat transfer resistance R
to the heat transfer resistance R, was determined based on (6), At, =t, —t, is the differ-
ence between the air temperatures in the room and outside. At, =t, — 1, is temperature
difference on the inner wall layer of air.

The data in Table 1 show that the additional thermal insulation of the walls signifi-
cantly changes the ratio of the heat transfer resistance to the heat transfer resistance
of the inner surface, which is determined by the ratio of temperature differences ﬁ,
which indicates the correctness of the application of the proposed method for determizn—
ing the effectiveness of thermal protection of walls.

Conclusions. The calculation of the heat transfer resistance and the thermal resis-
tance of the wall according to (1) and (4) performed for the case of insulation with poly-
styrene foam plates showed that the increase in heat transfer resistance is slightly higher
than that calculated on the basis of the data in Table 1, according to which due to the
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Table 1
Dependence of the ratio of the heat transfer resistance of the expanded clay wall
R to the heat transfer resistance of its inner surface R, on the type of insulation

Type of insulation At, °C At, °C

without insulation 26,5 2.3
insulation of the inner surface 26,7 2,1 12,7
insulation of the outer surface 27,8 1,3 21,2

thermal insulation of the outer surface with polystyrene foam plates, the heat transfer
resistance increased in 1.9 times. This can be explained by the fact that during operation,
the thermal conductivity of the thermal protection increased due to contamination and
wetting.

Experiments and calculations proved the correctness of the application of the method
of determining the effectiveness of thermal protection of the outer walls of buildings
based on the determination of the ratio of the temperature difference in the room and the
outside to the temperature difference in the room and on the inner surface of the wall.

The advantage of the proposed method is that it does not require measuring the
heat flow through the wall and the temperature of its outer surface, which significantly
simplifies the measurement process. Determination of temperatures is carried out under
natural operating conditions. Due to the simplicity of the methodology, it can be used to
conduct a wide thermal audit of existing buildings.
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