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BACKGROUND AND OBJECTIVES.
Modern university buildings use a large
number of resources, such as heat, cold
and hot water, as well as electricity, which
is the main consumed energy resource and
is used for lighting, office equipment,
ventilation and air conditioning systems.
In order to improve the energy efficiency
of university buildings, it is necessary to
carry out heat and energy modernization
of internal and external envelopes, which
will allow for internal billing and
qualitative analysis of consumption,
which contribute to prompt decision-
making on heat and energy modernization
of the premises.

METHODS. To assess the potential for
improving the energy efficiency of
buildings by improving the quality of
protective  structures, methods for
assessing the temperature and humidity
conditions of multilayered enclosing
structures in a wide range of humidity
under stationary boundary conditions
were developed on the basis of the
University Hub of Knowledge.
FINDINGS. On the basis of the
University Hub of Knowledge, Kyiv
National University of Technologies and
Design, the moisture content profile was

1Kyiv National University of Technologies and
Design, Ukraine

calculated for the general estimation of
the moisture condition for building No. 4,
the planes of the highest moisture content
were determined to find the most
dangerous, from the moisture condition
point of view, section of the structure, the
calculation of the enclosing structure
modernization according to the maximum
allowable moisture condition for the
analysis of moisture accumulation in the
coldest month of the year was made.
CONCLUSION. The advantage of the
proposed method of increasing the energy
efficiency of buildings by improving the
quality of protective structures based on
the University Hub of Knowledge is the
possibility of calculation in a wide range
of moisture content of materials,
including supersorption moisture zone, as
well as applicability to structures with
multizone condensation of moisture. The
clarity and simplicity of the proposed
method makes it available for the
practical implementation of energy
efficiency improvements in all university
buildings.
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INOCTAHOBKA MPOBJEMHU TA
3ABJIAHHSI. CyuacHi yHIBEpCHUTETCBHKI
OyniBii BUKOPHUCTOBYIOTb BEJIUKY
KIJIBKICTP PECYpCiB, TaKHX SK TEIIO,
XOJIOJIHA 1 TrapAYa BOAa, a TaKOX
eJIeKTpUYHA EHEeprisd, siKa € OCHOBHHUM
E€HEepPropecypcoM, MI0 BUTPAYAETHCS, 1
BUKOPUCTOBYEThCS ~ Ha  OCBITJICHHS,
poOOTYy OpIrTEXHIKH, CHUCTEM BEHTHIIAII]
Ta KOHIUIIOBaHHA. JIJIs IIiJABUIICHHS
€Heproe()eKTUBHOCTI  YHIBEPCUTETCHKUX
Oy/iBeIb HEOOXigHE MIPOBEACHHS
TEIJIOEHEPTO MOJICpPHi3allii BHYTPIIIHIX Ta
30BHINIHIX ~ OTOPOX, M0 JO3BOJUTH
IPOBOJIUTH BHYTPIIIHIN OUTIHT Ta SIKiCHUHA
aHali3 CIHOXXMBaHHA, $IKI  CIPUSIOTH
OTIEPATUBHOMY MPHUIHSTTIO PIllIEHb MO0
TETUIOCHEPTO MOJEPHi3allii MPUMIIICHb.
METOJIWN. J[lnsg OIIHKK MOTEHIaTy
MIJBUIICHHS €HeproeeKTUBHOCTI Oy/Ii-
BEJIb 3a pPaxXyHOK IIOKpAIIeHHS SIKOCTI
3aXMCHUX KOHCTPYKIiN Ha 06a3i yHiBep-
cuTeTchkoro Xab 3HaHb Oynu po3poOIeHi
METOIN OIIIHKHU TEeMIIEPaTypHO-
BOJIOTICHOTO ~ PEKHUMYy OararonapoBux
KOHCTPYKIIIM, [0  3aXWIAlTh, Yy
IIMPOKOMY  Jlama3oHi  BOJOTOCTI  3a
CTAI[lOHAPHUX TPAHUYHUX YMOB.
PE3YJIbTATHU. Ha 0asi
YHIBEPCUTETCHKOTO Xab 3HaHb
KuiBchKOTO HAIIOHATBLHOTO YHIBEPCUTETY
TEXHOJOTIH Ta JAu3ailHy BUKOHAHO

! Kuiscokuii nayionanvuuii ynieepcumem mexmono2iil
ma ouzauny, Yxpaina

PO3paxyHOK MPOQLII0 BMICTY BOJOTH IS
3arajibHOi OI[IHKH BOJIOTOTO PEXUMY IS
koprmycy Ned, BU3HAYEHO TUIONIWHH
HaMO1JIBIIOTO 3BOJIOKEHHS JUIS
BUSBJIEHHS HaHOUIBII HeOE3MeYHoro, 3
MOTJIAY BOJIOTOTO PEXHUMY, TEPETUHY
KOHCTPYKIIi, =~ BHUKOHAHO  PO3PaxyHOK
Mo IepHi3arii OTOPOIKYBAITLHUX
KOHCTPYKIIIA MO TPaHUYHO. JOMYCTHMOTO
CTaHy  3BOJIOKCHHS IS aHami3zy
HAKOIWYEHHS BOJIOTH B HAWXOJIOMHIIINAN
MICSIITb POKY.

BUCHOBKM. [TepeBaroto
3alpOIIOHOBAHOTO METOAY ITiIBUIICHHS
eHeproe()eKTUBHOCTI OymiBenb 3a

paxyHOK TMOKpPAIIEHHs SIKOCTI 3aXHUCHHX
KOHCTPYKII Ha 0a3i yHIBEpPCUTETCHKOTO
Xab 3HaHb € MOXKIUBICTh PO3PAXyHKY B
TUPOKOMY Jiara3oHi BOJIOTOCTI
MartepiajiB, BKIIOYAIOYH HaACOPOIIHHY
30HY 3BOJIO’KEHHSI, & TAKOK 3aCTOCYBaHHS
0 KOHCTPYKIIH 3 MYJIbTU30HAIBHOIO
KOHJIeHCalliero Bosiord. HaouwHicTh Ta

OpOCTOTa  3aIPONOHOBAHOTO  METOIY
pOOUTH HOTO JOCTYIMHUM JIJIsl PAKTHIHOT
peamizamii M1IBUIICHHS
eHeproepekTUBHOCTI  BCIX  OymiBenb
YHIBEpCHUTETY.

KJIIOYOBI CJIOBA: XAb 3Havp 3
eHeproe(peKTUBHOCTI; YHIBEPCHUTET;
OTOPOJIKYBaIbHI KOHCTPYKIIii;

TETUIOCHEPTO MOJIEPHI3aIlis.
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INTRODUCTION.

The reduction of energy natural reserves acutely puts the problem of energy
conservation and energy efficiency of buildings (Di Stefano, 2000). From the
point of view of I. Gryshchenko, V. Shcherbak, O. Shevchenko solution of this
problem is closely connected with increasing requirements for the quality of
building design, since design errors lead to a decrease in the thermal protection
properties of building envelopes and increase the energy costs of building
operation (Gryshchenko et al., 2017).

The choice of a rational design solution at the design stage of technological
modernization of operating university buildings according to V. Kaplun,
V. Shcherbak is connected with the problem of research of heat and mass
exchange processes (Kaplun and Shcherbak, 2016), forecast of temperature and
moisture conditions of enclosing structures and increasing the accuracy of
thermal calculations (Liu et al.,, 2019), since temperature and moisture
conditions of enclosures directly affect the microclimate of rooms, thermal
protection properties, reliability and environmental safety (Shaposhnikova and
Shimov, 2016).

The most difficult, from the point of view of V. Scherbak, L. Ganushchak-
Efimenko, O. Nifatov, P. Dudko, N., Savchuk, I. Solonenchuk, is to predict the
temperature and humidity conditions in thermally heterogeneous sections of
fences (marginal zones) in which the heat and moisture transfer occurs in two
and three-dimensional schemes (Shcherbak et al., 2019). More than 40% of the
total heat loss of the enclosure is noted through the peripheral zones according
to E. Vieira, B. dos Santos, N. Zampieri, S. da Costa, E.de Lima (Vieira et al.,
2020). Moisture localization in these areas above permissible values (Xing et al.,
2019) leads to a deterioration of the moisture regime, reducing the thermal
protection and life of the entire building. At the same time, the absence of
modern methods for calculating temperature and moisture conditions in three-
dimensional areas of enclosing structures, convenient for practical application,
makes it difficult to assess the impact of edge zones on the thermal protection
and energy efficiency of operating university buildings (Nikolayeva, 2018).

Thus, the problem of energy saving and improving the energy efficiency of
operating university buildings leads to the need to study the processes of heat
and mass transfer and the development of methods for calculating the
temperature and humidity conditions of the enclosing structures (On energy
saving: Law of Ukraine, 2021). This determines the relevance of the problem of
improving the thermal protection and energy efficiency of operating university
buildings in the absence of scientific and methodological apparatus for the
formation of requirements to enclosure structures, taking into account the
characteristics of temperature-moisture regime in the marginal zones of
enclosures on the basis of the university Hub of Knowledge.
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The purpose of this paper is to substantiate the necessity of using the
university Hub of Knowledge to form requirements for fencing constructions
taking into account the peculiarities of temperature and humidity conditions of
operating university buildings. The research of the condition of the enclosing
structures of operating university buildings of Kyiv National University of
Technology and Design was carried out in 2021.

MATHERIALS AND METHODS

Calculation of the moisture content profile. The basis of this method are
linear distributions of temperature t(x) and absolute moisture potential 6(x) in
the structure (1-2):

t(x) = tipe — **“}ai”fﬁh(xj (1)
8(x)=6,,, — ﬂznégoiﬂfﬁ (x), 2)

where Rn(X), Rm(X) —heat and moisture transfer resistance to the section
under consideration X;
Rp°™, R;7?™ —total heat and moisture transfer resistance of the

enclosure, respectively.

Using the t(x) distribution, one determines the values of the maximum
sorption potential of moisture, the distribution of the relative moisture potential,
and the desired moisture content distribution over the thickness of the multilayer
structure. The above method provides an overall assessment of the moisture
conditions of structures. The proposed method is convenient for assessing the
operational suitability of enclosures to maintain the required level of energy
saving.

RESULTS AND DISCUSSION.

The executed review of methods of an estimation of energy efficiency of
buildings has shown, that the specified methods do not consider influence of
processes of a heat and mass exchange in marginal zones of enclosing designs
on a microclimate of premises, thermal protective properties and energy
efficiency of buildings in view of absence of a method of calculation of a
temperature-humidity mode in three-dimensional areas of external enclosures.
Meanwhile, as practice shows, there is often a deterioration of temperature and
humidity conditions in the marginal areas of the enclosing structures, which
leads to a decrease in the thermal protection of the entire building. The specified
method makes it possible to determine the most dangerous section of the
structure with regard to the moisture regime without constructing moisture
content profiles. In contrast to the existing calculation methods, the developed
method enables to estimate the protection of envelop structures against
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overmoistening in a wide range of moisture content, gives a quantitative
characteristic of the degree of material overmoistening and is applicable to
calculation of enclosures with multizone moisture condensation.

The proposed mathematical model is implemented in the computer
program "Joint Moisture and Heat Transfer" in the visual object-oriented
programming system Delphi 3-7. The main advantages of the model and the
computer program are the following: the use of the scale of non-isothermal
absolute potential of humidity that allows to simplify the mathematical model of
heat and moisture transfer and makes it possible to calculate in a wide range of
material humidity; the possibility of studying dynamics of temperature and
humidity conditions of enclosures of complex geometric structure under variable
climate and microclimate influences; applicability to studying heat and humidity
processes of various intensities of the climate and microclimate of rooms.

Application of the computer program is illustrated by an example of
calculation of the temperature-humidity regime of a fragment of a three-layer
wall panel with a keyed connection in an annual cycle (Fig. 1, 2).

Fig. 1. Fields of temperature (a) and moisture content (b) at the junction
of the insulation with the outer protective and finishing layer
(expanded clay aggregate concrete) in mid-January

a b
Fig. 2. Fields of temperature (a) and moisture content (b) at the junction
of the insulation with the outer protective and finishing layer
(on the insulation) in mid-July
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The presence of extremes in temperature and moisture content (Fig. 1) is
physically conditioned by the heterogeneity of the considered fragment of the
structure and the non-linearity of the process of moisture heat transfer.
Verification of the developed calculation method by different methods: by
analytical solution and sequence of spatial and temporal grids, by different
mathematical models of moisture and heat transfer, by results of field studies of
indoor microclimate parameters, temperature-moisture regime and thermal
protection properties of enclosing structures based on the university's Hub of
Knowledge. Verification of the calculation method developed on the basis of the
University Hub of Knowledge confirms its reliability, which allows you to use
this method in the practice of operation and insulation of buildings KNUTD.
Numerical values of indicators confirming the reliability of the above
calculations.

On the basis of the results of thermal imaging survey (Fig. 3), obtained on
the basis of the University Hub of KNUTD knowledge, the assessment of the
influence of the marginal zones of the enclosing structures on the temperature
and humidity conditions of the premises (Table 1) was carried out.

21,0°C

Fig. 3. Thermogram on the inner surface of the enclosures
of the auditoriums of KNUTD building #4
Table 1
Comparison of calculated and measured microclimate parameters
in classrooms of KNUTD Building No. 4

Actual Calculated value of the parameter
measured . . .
Parameter \(/alue of th)e excluding edge |n(_:luclj|ng
parameter zones marginal zones
Resulting room temperature, °C 19 19.5 19
Temperature difference, °C, between the
inside air and the inside surface of the wall 4.1 1.8 4
Minimum temperature on the inner surface
of the wall, ° C 8.3 — 8.4
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Table 1 shows that failure to take into account the marginal zones of
enclosures in the thermal modernization of buildings overestimates the resultant
room temperature by 2.6%. At the same time, not taking into account edge zones
leads to underestimation of temperature difference between internal air and
internal surface of the outer wall by 56%, distorts the assessment of comfortable
conditions in the room and creates significant risks in assessing sanitary-
hygienic requirements on the condition of inadmissibility of moisture
condensation on the internal surface of the enclosures. Accounting for edge
zones on the basis of the proposed method for calculating the temperature and
humidity conditions allows us to achieve almost complete coincidence of the
calculated and measured room microclimate parameters (Table 1), ensuring high
accuracy of the research results and increasing the quality of heat and power
modernization. Analysis of the results shows a local decrease in the temperature
in the marginal zones of the enclosures. The resulting room temperature
according to the measurements is 19 ° C. The actual temperature difference
between the interior air and the inner surface of the wall, reduced to design
conditions, exceeds the normative value. The minimum temperature on the inner
surface of the wall is lower than the dew point of the inner air, which leads to
condensation in the edge zone under design conditions. Thus, the method of
numerical solution of the three-dimensional problem of joint unsteady heat and
moisture transfer allows predicting the temperature and humidity conditions of
the enclosures in order to save energy and improve the reliability and thermal
safety of the university buildings in operation.

CONCLUSION.

On the basis of the studies carried out on the basis of the university
KNUTD Hub of Knowledge, a major scientific problem of improving the
thermal protection and energy efficiency of operating university buildings by
developing the scientific and methodological apparatus for the formation of
requirements for envelope structures, taking into account the characteristics of
temperature and humidity conditions in the fencing edge zones, which has
important economic importance was solved.
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Fig. Figures
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Hub Common connection point
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