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Energy saving is one of the most important problems of the 21st century. Most of the energy
resources in Ukraine are used for heating residential and industrial premises, so reducing
energy consumption for heating is relevant and this problem needs to be solved. It can be
solved by carrying out a mass reconstruction of existing buildings in order to increase the
thermal insulation properties of buildings. For this, it is necessary to conduct a wide audit of
them. The existing method consists in determining the heat transfer resistance of the enclosing
structure, which is determined based on measuring the air temperature in the room and outside,
the temperature of the internal and external surfaces of the structure and the heat flow through
it. Such a method requires a lot of time for measurement, complex devices and is not very
accurate. The purpose of the work is to develop a method for determining the heat transfer
resistance of external walls of buildings in full-scale operating conditions, which would not
require measuring the heat flow through the wall and the temperature of its external surface
and would significantly simplify the measurement process. The method is based on the fact that
the heat transfer resistance of the wall R consists of the thermal resistance of the wall and the
heat transfer resistances of its inner R, and outer R , surfaces, which are connected in series, as
a result of which the temperature difference on the speczﬁed resistances is proportional to their

Lt :Zz_

R R,

temperatures, t, is the temperature of the inner wall surface. The resistance R is determined

value q = 2, where q is the heat flux density, t, and t, are the indoor and outdoor

1
by building codes R, =— where a, =8.7 W/(m’ K) is the heat transfer coefficient of the inner
o}

2
surface, therefore R, :L :2 L m’K/W. The method works as follows: measurements are
s 11 =T,
made during the heating period in natural operating conditions of the temperature in the room,
the external and internal surface temperatures of the wall. The heat transfer resistance is
calculated through the ratio of temperature differences and the known heat transfer coefficient of
the internal surface. The proposed method for determining the heat transfer resistance of walls
excludes the measurement of heat flow, measurements are made in natural operating conditions.
These advantages allow using this method when conducting a thermal audit of buildings
Key words: heat transfer resistance, natural conditions, simplification of measurements.
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lsawmuna I0. K., I'onuapenko T. JI., 3a600annuii B. B. Buznauenns onopy mennonepeoaui
306HIWIHIX CMIH 0y0ieenb 8 HAMYPHUX YMOBAX

Enepeoszbepeosicenns € ooHiero i3 Hausaxcausiuux npooiem 21 cmopiuus. Binvwa yacmuna
enepeopecypcie 6 Yrpaini ide Ha onanenis JCumno6ux ma 6UpOOHUYUX NPUMILYEHb, MOMY 3MEH-
WieHHsl eHeP2OBUMPAM HA ONANEHHS. € AKMYANLHUM T Y5l npobnema nompebye upiiensi.

Ii mooicna po3e’asamu winaxom npoeedenHs macoeoi pexoncmpykyii icHyiouux 6ydieens
3 Memoio nio8uUwjeH s MenIoI30NAYIUHUX 8racmusocmell Oydigenn. /s yboeo HeobXiOHo npose-
cmu ix wupoxutl ayoum. ICHyouull Memoo noiaeac y GUSHAYeHi Onopy menionepeoayi 020poo-
24CYBANLHOI KOHCMPYKYIT, AKUU GU3HAYAEMbCS HA OCHOGI BUMIPIOBAHHS MeMnepamypu nogimps
6 npuminyeHni i 3061i, memnepamypu HympiuHv0i 1 308HIUIHLOI NOBEPXOHL KOHCMPYKYIT 1 menao-
6020 nomoxy uepes uei. Taxuii Memoo nompedye 6azamo 4acy Ha BUMIPIOBAHH, CKIAOHUX NPU-
71a0i8 i He GIOPIZHAECMbCA GUCOKOIO MOYHICIO.

Mema pobomu — po3pobumu Memoo 8UHAUEHHSI ONOPY MenIonepedayi 306HIUHIX cmik OYOi-
6€/lb 8 HAMYPHUX eKCNIYAMAYIIHUX YMOBAX, AKUL OUu He nompeby8as GUMIPIOBAHHI MENL06020
NOMOKY epes CMiny i memnepamypu ii 306HiUHbOL NOGEPXHI [ CYMMEGO CHPOCMUS ou npoyec
sumipiosanisi. Memoo 6asyemocsa na momy, wo onip menionepeoaui cminu R, cknaoacmocs iz
meni06020 onopy Cminu i onopie mennosiooaui ii enympiunboi R, i 306HiUIHBO] 'R, nosepxons,
AKI 3’ €OHaHi NOCTIO06HO, GHACNIOOK 4020 PI3HUYA MeMnepamyp a eKazanix onopax nponop-

U . L—-t; 1,—1, )
yitna ix senuuuni q =——==-="—-= 0e q — 2yCIMuna Menio6o20 NOMoxy, t, i t, — memnepa-
R, R,
mypu 6 npuminyeni i 306HiWHS, T, — memnepamypa eHympiuinboi nogepxui cminu. Onip R, eusna-

1
yaemocs Oyoigenvhumu Hopmamy Ry =—, oe a,=8,7 Bm/(m’K) — roeghiyienm mennosiodaui

Q,
. . . 1 g -5,
6HYMPIWHbOI nosepxHi, momy R, = 877 1. M K/Bm.
s 1L T T,

Cnocib npayioe HACMyNHUM YUHOM. NPOBOOSIMb BUMIDIOBAHHA 8 ONANIOGATLHUL Nepioo
8 HamypHux eKcnﬂyamauiﬁHux YMOBAX_memnepamypu 6 npuMinjenii, 306HiuHboI i memnepa-
mypu. enympiwiiboi nosepxui cminu. Onip mennonepedaui po3spaxogyioms uepes iOHOWeN
PI3HUYL mexnepamypu i 6i0omuii Koegiyienm meniogiooayi HympiuiHboi noeepxHi.

3anpononosana memoouxa eusHaueHHs onopy menionepeoayi Cmin UKIIOYAE GUMIPIOBAHHS
MeNni068020 NOMOKY, SUMIPIOBAHHS NPOBOOSAMbCS 6 HAMYPHUX eKCnayamayitiux ymosax. Li it
nepesazu 0036071510Mb GUKOPUCHIOBYBAMU OAHY MEMOOUKY NPpU NPOGeOeHi mennio6o20 ayounty
byoigens.

Knrwowuogi cnosa: onip mennonepedaui, HamypHi yMO8U, CNPOWeHHs BUMIPIOBAHD.

Introduction. Energy conservation is one of the most important problems of the
21st century. This fact is a consequence of the limited reserves of hydrocarbons and the
need to combat air pollution associated with the production and consumption of energy.
In addition, most of the energy resources in Ukraine and other countries with a tem-
perate climate are used for heating residential and industrial premises, so the problem
of energy conservation in the field of heating is relevant and needs to be studied and
solved.

Analysis of recent research and publications. This problem can be solved by car-
rying out a mass reconstruction of existing buildings in order to increase the thermal
insulation properties of the enclosing structures. For this, it is necessary to conduct
a wide audit of the thermal insulation properties of buildings. The method applied to
existing buildings is to determine the heat transfer resistance of the enclosing structures
[1]. It is calculated on the basis of experimentally determined external temperature,
indoor temperature, temperatures of the internal and external surfaces of the structure
and the heat flow through it. This method requires a lot of time for measurement, com-
plex devices and is not very accurate. We have proposed a method for assessing the
heat-shielding properties of building walls that does not require measuring the heat flow
[2], but it does not allow determining the heat transfer resistance, which is regulated by
building codes [1,3].
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Research Objective. The purpose of the work is to develop a method for determin-
ing the heat transfer resistance of external walls of buildings in full-scale operational
conditions, which would not require measuring the heat flow through the wall and the
temperature of its outer surface and would significantly simplify the measurement pro-
cess. Presentation of the main material Heat transfer through a flat wall is of important
practical importance, has been studied by many scientists and is described in detail in
[4]. The problem is solved on the basis of data on the wall material, its thickness, and the
heat transfer coefficient of the outer and inner surfaces. In a stationary process, the den-
sity of the heat flow passing through the wall and the air layers near the wall is the same,
therefore the thermal resistance of the structure (wall) R, the heat transfer resistance of
its inner R, and outer R, surfaces are connected in series. According to the standards [1],

2 3
the heat transfer resistance of the wall R, is equal to

R=R+R*R, M

Thermal resistance of a wall that has several layers of different materials [1,3]

61'

R = 27\,_, 2
where 8, 1 and A, are the thickness and thermal conductivity coefficient of the i-th

layer of the wall. Heat transfer resistance of the inner surface of the wall [1,3]

t,— 1 1
Ry=2e— o 3)
q O, Oy +0,,
where q is the heat flux density, t, and 7, are the temperatures in the room and the
inner surface of the wall, o, and o, are the coefficients of convective and radiant heat
transfer of the inner surface of the wall, a, is the heat transfer coefficient of this surface.
The resistance R, is determined similarly

:l3—T3:L (4)
q o

where 1, and t, are the temperature of the outer surface and the outer, a, is the heat
transfer coefficient of the outer surface of the wall. The heat transfer coefficients of the
outer and inner surfaces are determined by building codes [1]. There are several meth-
ods for experimentally determining the heat transfer resistance of enclosing structures.
In laboratories, measurements are carried out on samples according to [5]. In natural
conditions — according to [1]. These methods are based on measuring the heat flow
through the structure and the temperatures of its inner and outer surfaces. This requires
special devices and measurements are carried out for a long time to establish the heat
balance. In addition, there is not always access to the outer surface of the structure. The-
oretical calculations of the heat transfer resistance of enclosing structures are performed
when designing buildings according to [1,3] using expressions (1-4). But for determin-
ing R of existing buildings, this method has limited application, since it is not always
possible to establish the material and thickness of the layers of the enclosing structure,
and because during operation there is a degradation of the operational characteristics
of the enclosing structures and a change in the thermal conductivity coefficients of the
materials. When conducting a mass thermal audit of existing buildings, the considered
methods for determining the heat transfer resistance can have only limited application
due to their complexity, significant labor intensity and significant error. We have pro-
posed a method for determining the heat transfer resistance of the external walls of

R,
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buildings in full-scale operational conditions, which does not require measuring the
heat flow through the wall and the temperature of its outer surface, which significantly
simplifies the process of determining R [6]. Since the supports in (1) are connected in
series, the temperature difference across the supports is proportional to their value
g=2h 5% 5)
R, R,

The heat transfer resistance of the inner surface R, is determined according to (3),
where the heat transfer coefficient of the inner surface a,=8,7 W/(m’K) [1, 3], therefore,
from (5) it follows

— 1 L4
¢ 8,7 t, -1,

The method works as follows: measurements are made during the heating period in
natural operating conditions of the temperature in the room, the outside temperature and
the temperature of the inner surface of the wall. The heat transfer resistance of the wall
is calculated through the ratio of the difference in temperature in the room and the out-
side to the temperature difference in the inner wall air layer and the known heat transfer
coefficient of the inner surface of the wall.

This coefficient depends on the movement of air layers near the wall, therefore, for
measurements, it is necessary to select those sections of the wall where there are no
objects that could change the nature of air movement in the near-wall layer and, accord-
ingly, the coefficient a, will differ from that specified by building codes.

The error in determining the heat transfer resistance of enclosing structures accord-
ing to [1] is less than 15% provided that the temperature difference between the surfaces
of the structure is greater than 330C. Since the method proposed by us does not measure
the temperature of the outer surface and the heat flux density, the error in determining
the heat transfer resistance is equal to the sum of the relative errors in determining o,
and the error in the ratio of the temperature difference, which can be made less than

5%. Errors 2%

m’K/W (6)

consists of the error inherent in [1] and the error of applying the tabu-

o
lated value to real walls. By selecting the necessary devices and fulfilling the necessary
requirements, it is possible to achieve that the total error in determining R, will not
exceed 10%, which is less than that regulated by building codes, but the measurement
process is significantly simplified.

In order to experimentally verify the proposed method for determining the heat transfer
resistance, we determined the resistance of a silicate brick wall in a five-story building
according to (6) and by calculations according to (1-4). For a wall without thermal insu-
lation, the value obtained on the basis of experimental data turned out to be 5% less than
calculated, and for a wall with thermal insulation with polystyrene foam plates 5 cm thick —
13% less. This can be explained by the increase in the thermal conductivity of materials,
primarily due to their wetting. The results obtained indicate the correctness of the proposed
method for determining the heat transfer resistance of external walls of buildings.

Conclusions and prospects for further research. Experiments and calculations
have proven the correctness of the application of the method for determining the heat
transfer resistance of external walls of buildings based on determining the ratio of the
temperature difference in the room and outside to the temperature difference in the room
and on the inner surface of the wall and the known heat transfer resistance of the inner
surface.
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The proposed method excludes the measurement of heat flux through the wall and
the temperature of its outer surface, which significantly simplifies the measurement pro-
cess. Temperature determination is carried out in full-scale operating conditions. These
advantages of this method, as well as the simplicity of its application, compared to
traditional ones, allow using the proposed method when conducting a thermal audit of
buildings during their reconstruction to reduce heat losses.

In the future, we plan to determine the influence of different types of wall insulation
on their heat transfer resistance using the developed method.
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